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(54) PROJECTION EXPOSURE METHOD AND APPARATUS 

(57) A projection exposure SM^paratus comprising a 
projection optical system adapted to project a pattern of 
a mask onto a photosensitive base plate, parallel planar 
plates disposed on the side of the photosensitive base 
plate of the projection optical system so that the parallel 
planar plates extend at substantially right angles to the 
optical axis of the projection optical system, and a regu* 
lator adapted to regulate at least one of an angle of incli- 
nation of normal of the parallel planar plates with 
respect to the optical axis of the projection optical sys- 
tem and a direction in which the parallel planar plates 
are inclined. 




FIG. I 
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Description 

BACKGROUND OF THE tNVENTiON 
5 Field of the Invention 

[0001] The present invention relates to a projection exposure method used when a mask pattern is transferred onto 
a substrate such as a wafer in a lithography step for manufacturing, for example, a semiconductor device, an image 
pick-up device (CCD and the like), arrd a liquid crystal display device and a thin film magnetic head and a projection 
10 exposure apparatus, and more particularly suitable used for a scan exposure type projection exposure apparatus such 
as step and scan system which comprises a correction mechanism for an image formation characteristic and scans a 
mask and a substrate in synchronization witii a projection optical system to perform exposure. 

Related Background Art 

15 

[0002] In the projection exposure apparatus which transfers a reticle pattern as a mask onto a wafer, a glass plate 
or the like coated witin resist through a projection optical system, an exposure must be performed in a state where a 
high image formation characteristic is always kept. As one factor which exerts influence on the image formation char- 
acteristic, there has been thermal deformations of a reticle and optical elements of the projection optical system due to 

20 an irradiation of exposure light. In order to correct the change of the Image formation characteristic resulting from the 
thermal deformation of the reticle by the exposure, various propositions have been heretofore made. For example, in 
Japanese Patent Application Laid-open No. Heisei 4(1992)-192317. a technology was proposed, in which the disti-ibu- 
tion of the quantity of deformation on a pattern plane of a reticle is computed, and the change of the image formation 
characteristic caused by this deformation is corrected either by driving parts of lens elements of the projection OF3tical 

25 system toward an optical axis or by inclining them relative to the optical axis. 

[0003] Furthermore, full-field type projection exposure apparatuses, that is. steppers, have been heretofore widely 
used. In order to perform a transfer for a reticle pattern of a large area with a high precision without increasing a size of 
the projection optical system, scan exposing type projection exposure apparatuses (scan type exposure apparatuses) 
such as a step and scan system in which the reticle and the substi-ate are exposed in synchronization with the projec- 

30 tion optical system have been lately become of major interest Also concerning the correction of the image formation 
characteristic due to irradiation of exposure light in tiiis scan type exposure apparatus, a technology was proposed, in 
which the quantity of changes of tiie image formation characteristic of the projection optical system due to the in^adiation 
is corrected by using the correction method employed in the case of the full-field type exposure apparatus, in Japanese 
Patent Application Laid-open No. Heisei 6(1994)-291016 and United States Patent No. 5721608 related to tiiis Japa- 

35 nese Patent Application Laid-open. 

[0004] The correction metinod of the image formation characteristic of the scan type exposure apparatus uses 
almost the technology to which a system devised for tiie full-field type apparatus is applied. A correction method con- 
sidering the change of the image formation characteristic of tiie whole of the apparatus which includes the reticle and 
the projection optical system particular to tiie scan type exposure apparatus, due to irradiation of exposure light, has 

40 not been existed. 

[0005] However, an original pattern illusti-ated in the reticle used in the scan type exposure apparatus has a large 
area equal to that of the reticle for use In the full-field type exposure apparatus or an area larger than that. The entire 
surface of the original pattern is sequentially illuminated in a slit-shaped illumination region during the scan exposure. 
On the confrary, since the projection optical system is made to become a state where it is always irradiated in the slit- 
45 shaped illumination region asymmeti-ically. In a computing method concerning the quantity of the thermal deformation 
of ttie reticle and projection optical system and in a correction method of the corresponding image formation character- 
istic, tiie difference occurs naturally. Moreover, influences on the projected image formed on the wafer are. different 
between the case of the thermal expansion of the reticle and the case of the thermal expansion of the projection optical 
system. 

so [0006] Furthermore, also in the full-field type projection exposure apparatus, the line width of the pattern to be sub- 
jected to a projection exposure has been recently finer nriore and more, and it has been required to correct the image 
formation characteristic more precisely. 

SUMMARY OF THE INVENTION 

55 

[0007] A first object of tiie present invention is to provide a projection exposure method which is capable of correct- 
ing an image formation characteristic with a high precision. 

[0008] A second object of the present invention is. especially in a scan type exposure apparatuses, to provide a pro- 
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jection exposure method which is capable of precisely obtaining the quantity of a change of the image fbrnnation char- 
acteristic, either due to an exposure light absorption of a projection optical system or due to a thermal deformation of a 
reticle, correcting the image formation characteristic according to the quantity of the change of the image formation 
characteristic with a high precision, and transferring a pattern image of the reticle onto a wafer with a high precision. 
5 [0009] A third object of the present invention is to provide a projection exposure apparatus which is capable of 
embodying such projection exposure method. 

[0010] A projection exposure apparatus of the present invention comprises a projection optical system for project- 
ing a mask pattern onto a photosensitive substrate; a plane-parallel plate disposed on the photosensitive substrate side 
of the foregoing projection optical system, substanttalty perpendicular to an optical axis of the foregoing projection Opti- 
mo cal system; and an adjustment device for adjusting either an inclination angle of a normal line to the foregoing plane- 
parallel plate relative to an optical axis of the foregoing projection optical system or an inclination direction of the fore- 
going plane-parallel plate with respect thereto. 

[001 1] According to the preferred embodiment of the present invention, the projection exposure apparatus further 
comprises an illumination optical system for changing a size or shape of a secondary light source according to the fore- 

15 going mask pattern, wherein the foregoing adjustment device adjusts at least one of the inclination angle and inclination 
direction of the foregoing plane-parallel plate in response to the change of the foregoing secondary light source. 
[0012] According to another embodiment of the present invention, in a projection exposure apparatus which 
exposes a photosensitive substrate by a pattern of a mask, provided is a projection optical system which includes a plu- 
rality of optical elements arranged along an optical axis substantially perpendicular to the mask arxi the foregoing pho- 

20 tosensitive substrate, and a plane-parallel plate arranged on the foregoing photosensitive substrate side; and an 
adjustment device for adjusting an aberration of the foregoing projection optical system by moving the foregoing plane- 
parallel plate in response to a change of exposure conditions of the foregoing photosensitive substrate. 
[001 3] Furthermore, according to a prefen^ed embodiment of the present invention, the foregoing adjustment device 
adjusts a decentration coma aben^tion of the foregoing projection optical system by relatively inclining the plane-par- 

25 allel plate relative to a plane perpendicular to an optical axis of the foregoing projection optical system without substan- 
tially rotating the foregoing plane-parallel plane. 

[0014] Still furthermore, according to a preferred embodiment of the present invention, in order to adjust at least 
one of the aberration other than the decentration coma aberration, projection magnification and focus position of tiie 
projection optical system, the projection exposure apparatus further comprises a driving instrument for driving at least. 

30 one of the plurality of optical elements of the foregoing projection optical system. 

[0015] Still furthermore, according to a prefen-ed embodiment of tiie present invention, the projection exposure 
apparatus further comprises an illumination optical system for changing at least one of the size and shape of a second- 
ary light source in response to the pattern of the foregoing mask; and an aperture diaphragm for allowing a numerical 
aperture of the foregoing optical systenri to be variable, wherein exposure conditions of the foregoing photosensitive 

35 substrate include at least one of the size and shape of the foregoing secondary light source, a sort of tiie pattern on the 
foregoing mask, and an numerical aperture of the foregoing projection optical system. ' 
[001 6] Furthermore, according to anotiier embodiment of the present invention, in a projection exposure apparatus 
which exposes a photosensitive substrate by a pattern of a mask, provided is a projectbn optical system which includes 
a plane-parallel plate arranged along an optical axis substantially perpendicular to the foregoing mask and the forego- 

40 ing photosensitive substrate; and a driving mechanism which inclines the foregoing plane-parallel plate relative to a 
plane perpendicular to an optical axis of the foregoing projection optical system. 

[0017] Still furthermore, according to a preferred ennbodlment of the present invention, tiie projection exposure 
apparatus of the present invention further comprises a stage system which synchronously moves the foregoing mask 
and tine foregoing photosensitive substrate at a speed ratio in response to a projection magnification of the projection 
45 optical system, wherein the foregoing photosensitive substrate is subjected to a scanning exposure by the pattern of 
the foregoing mask, by driving the foregoing stage system. 

[0018] A first projection exposure method of the present invention which exposes a photosensitive substrate by a 
pattern of a mask through a projection optical system, comprises: a first step for changing a light intensity distribution 
on a pupil plane of the foregoing projection optical system of a be:ini of light which is emitted from a secondary light 
so source and passes through the foregoing mask; and a secorxl step for moving a plane-parallel plate in response to a 
change of the foregoing light intensity distribution, which is disposed on the photosensitive substrate side of tiie forego- 
ing projection optical system. 

[0019] Furthermore, according to a preferred embodiment of the present invention, in the foregoing first step, one 
of a size and a shape of the secondary light source is changed in accordance with the pattern of the foregoing mask. 
55 [0020] Still furthermore, according to a preferred embodiment of the present invention. In tiie foregoing second 
step, the foregoing plane-parallel plate is relatively inclined relative to a plane perpendicular to an optical axis of the 
foregoing projection optical system without substantially rotating the foregoing plane-parallel plate and a decentration 
coma aberration of the foregoing projection optical system is adjusted. 
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[0021] A second projection exposure method according to the present invention in which by moving a mask and a 
substrate synchronously a pattern image of the mask is transferred onto the substrate through a projection optical sys- 
tem, at least one of the position of at least one of optical elements of a projection optical system in an optical axis direc- 
tion, the inclination angle of at least one of the optical elements thereof in the optical axis direction, the relative scanning 
5 speed of the mask and substrate, and the parallelism of the mask and substrate in a scanning direction is adjusted 
i before a scanning exposure or during the scanning exposure, so as to correct an image formation characteristic. 

[0022] According to the projection exposure method of the present invention, before the scanning exposure or dur- 
ing the scanning exposure the position and inclination angle of at least one of the optical elements of the projection opti- 
cal system is adjusted, whereby a magnification error of the projection optical system, a predetermined distortion 
10 thereof and the like are corrected. Moreover, by adjusting the relative scanning speed of the mask and the substrate, a 
magnification error of its projection image in the scanning direction can be corrected. By adjusting the parallelism of the 
mask and the substrate in the scanning direction, a parallelogram-shaped distortion for example, that is. so called a 
skew error, can be corrected. Particularly, if these adjustments are carried out during the scanning exposure, it is pos- 
sible to cope with a partial thermal deformation of the mask in the scanning direction. 
15 [0023] In a third projection exposure method of the present invention in which by moving a mask and a substrate 
synchronously a pattern image of the mask is transferred onto tine substrate through a projection optical system, witii 
regard to a change of an image formation characteristic due to a thermal deformation of the masK its component in a 
scanning direction is corrected by adjusting a relative scanning speed of the mask and the substrate, and its component 
In a non-scanning direction is corrected by adjusting a projection magnification of the projection optical system. 
20 [0024] According to such projection exposure method of the present invention, in the case where the mask is ther- 
mally expanded in the scanning direction, a scanning speed for the substrate is made to be slower than a reference 
speed determined by multiplying a scanning speed for the mask with the projection magnification of the projection opti- 
cal system, whereby a magnification only in the scanning direction is corrected. On the other hand. In the case where 
the mask is thermally expanded in the non-scanning direction, that is. a direction perpendicular to the scanning direc- 
ts tion. the projection magnification of the projection optical system is adjusted and the relative scanning speed of the 
mask and the substrate is adjusted so as to cancel it. whereby a magnification in the non-scanning direction is cor- 
rected. 

[0025] In this case, by obtaining tiie quantity of heat absorption of tiie mask based on a thermal movement of the 
mask created outside a pattern region and a pattern existing rate of the mask, the quantity of the thermal deformation 
30 of the mask should be conputed from the quantity of the heat absorption. With the consideration as to the thermal 
movement outside the pattern region and tiie pattern existing rate, the quantity of tiie thermal deformation of the mask 
can be obtained with a high precision, whereby the change of the image formation characteristic due to the thermal 
deformation can be corrected with a high precision in response to the obtained quantity of the thermal deformation of 
the nrask. 

35 [0026] In a fourth projection exposure metiiod of the present invention in which by moving a mask and a substrate 
synchronously a pattern image of tiie mask is transferred onto the substi-ate through a projection optical system, a blind 
mechanism capable of adjusting a width of an illumination region of the mask is provided, and the blind mechanism is 
driven in accordance with a difference of the magnification changes of pattern images of the mask in scanning and non- 
scanning directions, which are formed on the substrate, whereby a contrast of a projection image is corrected. 

40 [0027] According to such the projection exposure method of the present invention, if the widtii of the illumination 
region on the mask is made to be large in any of tiie scanning and non-scanning directions, an illuminance on the sub- 
strate in any of those directions becomes high. On tiie contrary, if the widtii of the illumination region thereon is made 
to be small, the illuminance in any of those directions becomes low. Moreover, if the illuminance is even on the mask, 
the illuminance on the substrate becomes lower, as the projection magnification becomes higher. As the projection 

45 magnification becomes lower, the illuminance on the substrate becomes higher. Therefore, when the magnifications in 
the scanning and non-scanning directions are different, the width of the illumination region is changes through the blind 
mechanism so as to cancel the difference, whereby the illuminances on the suksstrate in the scanning and non-scanning 
directions are kept uniform. As a result, contrast unevenness of the projection image can be removed. 
[0028] In a fifth projection exposure method of the present invention in which by moving a mask and a substrate 

so synchronously a pattern image of the mask is transferred onto the substrate through a projection optical system, a light 
transmission window of tiie projection optical system for use in a ti'ansmission rate measurement is provided on a mask 
stage for mounting the masK and the transmission rate of the projection optical system is measured through the light 
transmission window. 

[0029] According to such projection exposure method, by measuring the transmission rate of the projection optical 
55 system through the light transmission window on the mask stage, the change of the image formation characteristic of 
the projection optical system due to an exposure light absorption can be obtained, so that the image formation charac- 
teristic can be corrected based on the change thereof with a high precision. 

[0030] In this case, two light transmission windows shouki be located Interposing tiie mask therebetween so as to 
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be separate from each other in the moving direction of the mask. Since either of the two light transmission windows can 
be used according to the scanning direction of the mask, a measurement efficiency is kept high. 
[0031 ] In a sixth projection exposure method of the present invention in which an image of a pattern of a mask Is 
transferred onto a substrate through a projection optical system, by driving a plurality of optical elements of the projec- 

5 tion optical system individually, an image formation characteristic of the projection optical system is corrected, the pro- 
jection optical system comprises a first plane-parallel plate on its substrate side, and the first plane-parallel plate Is 
driven in a direction of an optical axis, whereby a predetermined image formation characteristic is corrected. 
[0032] According to such projection exposure method of the present invention, by combining the drive of the plural- 
ity of optical elements of the projection optical system with the drive of the first plane-parallel plate thereof, various kinds 

w of image formation characteristics can be corrected. 

[0033] In this case, the projection optical system should comprise a second plane-parallel plate having a surface 
subjected to a predetermined roughening processing should be provided on its mask side, in order to correct a residual 
component of its aberration. It is possible to correct the remaining distortion by the second plane-parallel plate. 
[0034] Moreover, an example of a structure may be adopted, in which the mask is illuminated by a beam of light 

IS from a secondary light source, and by driving the first plane-parallel plate every time when at least one of the size and 
shape of the secondary light source is changed, a decentratlon coma aberration of the projection optical system Is cor- 
rected. 

[0035] Furthermore, in the case where a ArF excimer laser is used as the exposure light source, it should be desir- 
able that an atmosphere within the projection optical system is substituted with inert gas such as helium gas or nitrogen 

20 gas. In this case, in the case where the atmosphere within the projection optical system is substituted with inert gas. 
since oxygen showing a absorption band dose to the wavelength (193 nm) of the ArF excimer laser light scarcely exists, 
a transmission rate for the exposure light increases. Similarly, also in the case where the atmosphere within the projec- 
tion optical system is substituted with nitrogen gas, since the nitrogen gas hardly absorbs the ArF excimer laser light, 
the transmission rate for the exposure fight increase. 

25 [0036] Particularly, in the case where the atmosphere within the projection optical system is substituted with .the 
inert gas. since a change of the atmospheric pressure affects scarcely on the inside of the projection optical system, 
the change of the image formation characteristic due to the change of the ambient pressure wrthin the projection optical 
system can be controlled. 

[0037] Furthermore, it is desirable that tiie ambient pressure within the projection optical system is measured and 
30 the image formation characteristic is con-ected based on the measurement result. Since the image formation charac- 
teristic is made to change also by the change of the ambiertt pressure within the projection optical system, the Image 
formation characteristic can be corrected with a higher precision by performing the correction in accordance with the 
change of tiie ambient pressure within the projection optical system. 

[0038] Next, in a projection exposure apparatus of the present invention In which a pattern of a mask is transferred 
35 onto a substrate through a projection optical system, tiie projection optical system comprises a plurality of optical ele- 
ments arranged between tiie mask and ttie substrate along an optical axis; a first plane-parallel plate disposed on the 
substrate side; and a second plane-parallel plate disposed on tiie mask side, wherein provided is a driving device which 
drives the first plane-parallel plate in order to adjust a decentration coma aben-ation of the projection optical system, 
and drives at least one of the plurality of optical elements without relatively moving the second plane-parallel plate with 
40 respect to the mask, in order to adjust at least one of the aberration other than the decentration coma aberration, pro- 
jection magnification, and focus position of the projection optical system. 

[0039] According to such projection exposure apparatus of the present invention, a sixth projection exposure 
method of the present invention can be embodied. In this case, the driving device moves at least three optical elements 
of the projection optical system, as an exanrple. Thus, the projection magnification, the distortion and the astigmatic 
45 aberration can be adjusted. 

[0040] It is also satisfactory tiiat the driving device drives at least four optical elements of the projection optical sys- 
tem. Thus, the projection magnification, the distortion, the astigmatic aberration and the coma aberration can be 
adjusted. 

[0041 ] Furthermore, it is also satisfactory that the driving device drives at least five optical elements of the projec- 
50 tion optical system. Thus, the projection magnification, the distortion, tiie astigmatic aberration, the coma aberration 
and the spherical at>erration can k>e adjusted. 

[0042] In order to adjust the field curvature of tiie projection optical system, it is desirable that an adjustment device 
for changing tiie refractive Index in at least one of a plurality of spaces formed by the mask and tiie plurality of optical 
elements is further provided. 

55 [0043] Furthermore, when at least one of the size and shape of a secondary light source is changed in accordance 
with ttie pattem of the mask in an illumination optical system, it is desirable that at least one of ttie plurality of optical 
elements and the first plane-parallel plate is moved in response to tiie change of one of tiie size and shape of ttie sec- 
ondary light source. 
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[0044] Furthermore, the projection optical apparatus further comprises a measuring Instrument for measuring the 
ambient pressure in the projection optical system, and it is desirable that the driving device thereof moves at least one 
of the plurality of optical elements and the first plane-parallel plate in response to the change of the ambient pressure 
in the projection optical system. 
5 [00451 Furthermore, it is desirable that the driving device relatively inclines the first plane-parallel plate relative to 
an image plane of the projection optical system without substantially rotating the first plane-parallel plate and adjusts a 
decentration coma aberration of the projection optical system. 

[0046] Furthermore, it is desirable that the surface of the second plane-parallel plate is uneven so as to correct a 
symmetrical abenatlon of the projection optical system. 
10 [0047] Furthermore, in order to perform the scanning exposure of the pattern of the mask onto the substrate, it is 
desirable that a stage system for synchronously moving the mask and the substrate is provided. This means that the 
present invention Is applied to a scan exposing type projection exposure apparatus. 

BRIgF DgSCRIPTION O FTHg DRAWINGS 

15 

[0048] For a more complete understanding of the present inverrtion and the advantages thereof, reference Is now 
made to the following description taken In conjunction with the accompeuiying drawing. In which; 

Rg. 1 Is a view showing a structure of a projection exposure apparatus of a first embodiment of the present inven- 

20 Won; 

Fig. 2 is an explanatory view showing a structure of a turret plate incorporated Into the projection exposure appa- 
ratus of Fig. 1 ; 

Figs. 3a and 3b are an explanatory view showing a structure of an adjustment device provided in the projection 
exposure apparatus of Fig. 1 : 

25 Fig. 4 is an explanatory view showing the relation between the inclination and decentration coma abenration of a 
plane-parallel plate held fixedly to the adjustment device of Figs. 3a and 3b; 

Fig. 5 is a view showing a modification of the structure of tiie projection exposure apparatus of the first embodiment; 
Figs. 6a and 6b are an explanatory view showing a structure of a principal portion of an adjustment device of the 
projection exposure apparatus of Fig. 5: 
30 Rg. 7 is a view showing the outline of a structure of a projection exposure apparatus used in a second embodiment: 
Rg. 8 is a partially cutaway view showing an internal structure of the projection optical system; 
Rg. 9 is a plan view showing a part of a lens group of the projection optical system of Fig. 8; 
Rg. 10 is a view showing a plurality of aperture diaphragms provided in an aperture diaphragm plate of an illumi- 
nation system of Rg. 7; 

35 Rg. 11 is a plan view showing a driving mechanism and the like of a reticle stage of Fig. 7; 

Rg. 12 is a view used for explaining a computing method of the quantity of a thermal deformation of the reticle: 
Rgs. 13a to 13g are a view showing the relation between components obtained by dissolving the quantity of a ther- 
mal deformation of the reticle and the quantity of a correction of an image formation characteristic corresponding 
thereto; 

40 Rg. 1 4 is a view used for explaining a method to relating the components of the quantity of the thermal deformation 
with the coordinates in a scanning direction as a function thereof; 

Rg. 15 is a view showing an example of a distribution of computation points of the quantity of the thermal deforma- 
tion of the reticle in the case where a heat movement outside an exposure region is taken into consideration; 
Rg. 16 is a view used for explaining a computing method of the quantity of a thermal deformation of the retide in 
45 the case where only a part of the reticle is an exposure region; 

Rgs. 1 7a and 1 7b are a view used for explaining a computing method of the quantity of the thermal deformation of 
the reticle in which a heat movement outside an exposure region is taken into consideration, in the case where only 
a part of the reticle is the exposure region; 

Rgs. 18a and 18b are a view used for explaining another computing method of the quantity of the thernnal defbr- 
50 mation of tiie reticle in which a heat movement outside an exposure region is taken into consideration. In the case 
where only a part of the reticle is the exposure region; 

Rg. 19 is a view showing a relation between a reflectance of a wafer arKl an output of a reflectance sensor; 
Rg. 20a1. Fig. 20a2. Fig. 20a3. Fig. 20b1, Fig. 20b2 and Rg. 20b3 are a view showing tiie a relation between a 
width of an aperture portion of the reticle blind off Rg. 7 and the quantity of a shift of a projection image: 
55 Rgs. 21a to 2lf are a view showing an example of a thermal deformation off tiie reticle corresponding to coefficients 
k1 to k6; 

Rgs. 22a to 22f are a view showing an exanple of a thermal deformation of the reticle corresponding to coefficients 
k7tok12; 
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Figs. 23a to 23f are a view showing an exanpie of a thermal deformation of the reticle corresponding to coefFlctents 

kISto k18: and 

Figs. 24a to 24b are a view showing an example of a thermal deformation of the reticle corresponding to coeffi- 
cients k19tok20. 

5 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

(FIRST EMBODIMENT) 

10 [0049] Fig. 1 is a schematic view for explaining a constitution of a projection exposure apparatus of a first embodi- 
ment of the present invention. As shown in Fig. 1 . the projection exposure apparatus unit is accommodated in the cham- 
ber 100, and a temperature in the chamber 100 is controlled so as to be kept constant. 

[0050] First of all. an outline of an illumination optical system for illuminating the reticle 1 6 that is a mask arranged 
at a suitable position of the chamber 100 will be briefly described. The ArF excimer laser beam source 1 provided out- 

15 side the chamber 1 00 emits a laser beam as approximatety parallel luminous flux. The laser beam from the ArF excimer 
light source 1 is guided to the light transmission window 3 provided in the main unit of the projection exposure apparatus 
unit via the shutter 2. Laser beam 3 passing through the light transmission window 3 is formed to a laser beam showing 
a predetermined section shape by the beam shaping optical system 4 provided in the chamber 100, and reflected by 
the reflection mirror 5 after passing through any one (ND1 in Fig. 1 ) of a plurality of ND filters provided in the turret plate 

20 TP, each of which shows a different transmittance from others. The laser beam reflected is guided to the fly eye lens 6 
that is an optical integrator (homogenizer). 

[0051] The luminous flux from a plurality of secondary light sources formed by the fly eye lens 6 passes through a 
variable aperture diaphragm of the turret plate 7 and is divided into two optical paths by the beam splitter 9. The 
r^lected light from the beam splitter 9 is guided to the photoelectric detector 1 0. and the illuminance (or intensity) of the 

25 illumination light is detected by the detector 1 0. A signal in accordance with the detected illuminance is input to the main 
controller 40. On the other hand, a transmitted light from the beam splitter 9 passes through a pair of relay lenses 1 1 
and 13 interposing the variable field diaphragm 12. and is reflected by the reflection min-or 1 4. Thereafter, the reflected 
light is collected by the condenser optical system 15 which is composed of refracting optical elements such as a plural- 
ity of lenses. Thus, the illumination region on the reticle 16. which is defined by an aperture of the variable fieW dia- 

30 phragm 12 provided between the relay lenses 1 1 and 13, is approximately uniformly illuminated superposably. 

[0052] Next, the projection optical system 23 for projecting a circuit pattern formed on the reticle 16 onto the wafer 
25 that is a photosensitive substrate will be briefly described. The projection optical system 23 comprises a main unit 
section 70 composed of a plurality of lenses that are optical elements; and an adjustment device 80 for adjusting a spe- 
cific aberration of the main unit section 70 by moving the plane-parallel plate 81 arranged at the lower position of the 

35 unit section 70. The reduction image of the circuit pattern on the reticle 16. which is illuminated the illumination optical 
system, is projected onto the wafer 25 by the projection optical system 23. The resist coated on the wafer 25 is exposed 
to the projected laser beam, and the image of the circuit pattern is transferred onto the wafer 25. 
[0053] Details of each portions of the projection exposure apparatus will be described below. The ArF excimer laser 
beam source 1 generates a laser beam of a wavelength, for example, 193 nm. This ArF excimer laser beam source 1 

40 oscillates to generate pulse light in response to trigger pulses sent from the light source control circuit 45. The light 
source control circuit 45 adjusts the applied voltage (charged voltage) to the ArF excimer laser beam source 1 . tinereby 
8ujjusting the intensity of the pulse light emitted from the ArF excimer laser beam source 1 . It is noted that the light 
source control circuit 45 controls tiie ArF excimer laser beam source 1 in accordance with the instruction from the main 
controller 40 which controls the whole of the projection exposure apparatus. 

45 [0054] The shutter 2 closes the illumination optical patii during, for example, replacing a wafer or a reticle with new 
one. whereby the ArF excimer laser beam source 1 performs a self-oscillation to stabilize (adjust) the beam character- 
istic including at least one of the central wavelength, wavelenght width and intensity of the pulse light. 
[0055] The turret plate TP hoWs six ND filters (only ND1 and ND2 are shown in Fig. 1). and the turet plate TP is 
rotated by the motor MT1 controlled by the main controller 40, whereby the six fillers are provided so that each of tiiem 

so is rotatively located in the illumination optical path. Here, the six ND filters are suitably selected in accordance with the 
resist sensitivity the wafer 25. the intensity variation of the ArF excimer laser beam source 1 and the number of pulse 
light beams to be irradiated onto one spot on the wafer 25 (the number of exposure pulses). The number of the expo- 
sure light pulses is the number of the pulse beams irradiated onto one spot on the wafer 25, while this spot runs along 
its scanning direction across the region conjugated with the Illumination region on the retk:le 16 with respect to the pro- 

55 jection optical system 23. It is noted that the illumination region on the reticle 6 is defined by the variable field diaphragm 
12. and the conjugated region is a region onto which a partial image of the pattern of the reticle 16 existing in tiie illu- 
mination region is projected. 

[0056] Instead of the turret plate TP in Fig, 1. the structure may be adopted which is constituted in such way tiiat 
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two plates having a plurality of slits are arranged so as to face each other and the intensity of the pulse light is adjusted 
by relatively moving them in an arrangement direction of the slits. 

[0057] in this embodiment the projection exposure apparatus is designed such that the intensity of the pulse light 
on the reticle 16, that is. on the wafer 25 can be adjusted with at least one of the adjustments of the oscillation intensity 
' 5 of the ArF excimer laser beam source 1 by the light source control circuit 45 and the transmittance (light extinction rate) 
of the pulse light by the turret plate TP. 

[0058] While the pattern image of the reticle 16 is projected onto the wafer 25 by the exposure performed by syn- 
chronously moving the reticle 1 6 and the wafer 25. the mirror 5 is rotated by the motor MT2. The control method of the 
mirror 5 was disclosed in. for example. Japanese Patent Application Laid-<H3en No. Heisei 7(1995)-1 42354 and USP 
10 No. 5534970 related to this application. By the rotation of the mirror 5. interference fringes such as speckles move in 
the illumination region on the reticle 16 during the scanning exposure, which illumination region is defined by the varia- 
ble field diaphragm 1 2. and whereby the distribution of the totaling quantity of the pulse light on the wafer 25 is made to 
be approximately uniformalized. 

[0059] In this method, along with the rotation of the mirror 5 controlled by the main controller 40. the interference 
15 fringes are made to rotate once while one spot on the reticle 16 runs across the illumination region along the scanning 
direction. Moreover, it is desirable that the reflection mirror 5 is made to vibrate so that in the illumination region the 
interference fringes moves in the scanning direction and the direction perpendicular to the scanning direction. It should 
be noted that when the interference fringes are moved along the scanning direction of the reticle 16 in the iUumination 
region, the angle of the reflection mirror 5 between a pair of the front and rear pulse light beams, that is, the quantity of 
20 the movement of the interference fringes, is determined with consideration of the movement distance of the reticle 16 
relative to the illumination region between the pair of the pulse fights, so that the positional relation between one spot 
on the reticle 1 6 and the interference fringes suitably changes while one spot on the reticle 1 6 runs across the illumina- 
tion region. 

[0060] The fly eye lens 6 is constituted by a large number of lens elements which are tied up in a bundle. A large 
25 number of light source images (secondary light source) corresponding to the number of the lens elements are formed 
on the emission end plane side of the fly eye lens 6. 

[0061 ] Although the one fly eye lens is provided in this embodiment, a second fly eye lens may be provided between 
the reflection mirror 5 and the turret plate TP. as disclosed in. for example. Japanese Patent Application Laid-open No. 
Heisei 1(1989)-259533 and USP No. 5307207 related to this application. Moreover, instead of the fly eye lens 6. an 
30 internal reflection type rod integrator may be employed. 

[0062] In the neighborhood of the position where a large number of secondary light sources are formed by the fly 
eye lens 6, the tun-et plate 7 for adjusting at least one of the size and shape of the secondary light source as a whole is 
provided. 

[0063] The turret plate 7 is composed of a transparent substrate made of quarts. As shown in Fig. 2. a plurality of 
35 aperture diaphragm 7a to 7f, each of which is different from others in at least one of its size and shape, are formed. 
Among these, the three aperture diaphragms 7a to 7c having a circular aperture are for actively changing the value a 
(coherent iactor). Moreover, the remaining three aperture diaphragms 7d to 7f are for increasing the resolution (local 
depth) of the projection optical system. The aperture diaphragm 7d and 7e are the ones, each of which has a different 
ring zone ratio, that is. a ratio of the internal diameter to the external diameter of the ring zone aperture. The remaining 
40 one aperture diaphragm 7f is the one which has four eccentric apertures to form four eccentric secondary light source 
regions. 

[0064] Here, the brief description for the value a will be given. As shown in Rg. 1 , when the numerical aperture of 
the illumination optical system is denoted as NAi (= sin 8 i ), which is determined by the principal ray Ri travelling in par- 
allel with the optical axis AX from the outermost periphery (outermost diameter) of the aperture diaphragm on the turret 

45 plate 7 inserted on the optical path of the illumination optical system, and moreover when the numerical aperture on the 
illumination optical system side (reticle side) of the projection optical system 23 Is denoted as NAO (=» sin 0 0). which 
is determined by tiie primary ray RO fravelling in parallel with the optical axis AX from tiie outermost periphery of the 
aperture diaphragm Ep of tiie projection optical system 23, the value a is defined as a = NAi/NAO . Generally, the pro- 
jection exposure apparatus is constituted such that its value U in photolithography steps is set to a range of 0.3 to 0.8. 

so [0065] The turret plate 7 is rotatively driven by the motor 8 which is controlled by the main controller 40. and 
inserted on the optical path of the illumination optical system by selecting one aperture diaf^ragm in accordance witii 
the pattern of the reticle 1 6 to be transfered onto the wafer 25. 

[0066] The variable field diaphragm 12 defines the illumination region on the reticle 16, and the width of the illumi- 
nation region in the scanning direction of the reticle 16 is narrower than the pattern region. Moreover, the width of the 
55 illumination region in the direction perpendicular to the scanning direction thereof is wider than the pattern region. The 
illumination region has a center at the optical AX of the projection optical system 23. and extends in the circular image 
field of the projection optical system 23 along its diameter. 

[0067] Moreover, at least one blade constituting the variable field diaphragm 1 2 is moved by the motor MT3 control- 
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led by the main controller 40. whereby the shape and size of the rectangular aperture 12 can be changed. Particularly, 
when the width of the rectangular aperture in the lateral direction is changed, the width of the illumination region on the 
reticle 16 in the scanning direction changes, whereby it becomes possible to adjust the totaling quantity (exposure 
dose) of the plurality of pulse light beams irradiated onto each point on the wafer 25 during the scanning exposure. This 
£ is because the number of the pulse light beams irradiated onto one spot on the wafer 25 is changed resultingly while 
one spot on the wafer 25 runs along its scanning direction across the rectangular region conjugated with the illumination 
region on the reticle 16 with respect to the projection optical system 23. 

[0068] In this embodiment, the oscillation frquency of the ArF excimer laser beam source 1 can be changed by trig- 
ger pulses sent from the light source control circuit 45 as described above, whereby the totaling quantum of the light 

10 including the plural pulse light beams irradiated onto one spot on the wafer 25 during the scanning exposure can be 
adjusted. Moreover, also by changing the scanning speed of the wafer 25 and reticle 16. the totaling quantity of the plu- 
rality of pulse lights irradiated onto one spot on the wafer 25 during the scanning exposure can be adjusted. Similarly 
to the case described above, this Is because the number of the pulse lights irradiated onto one spot on the wafer 25 is 
changed by changing the oscillation frequency or the scanning speed while one spot on the wafer 25 runs across the 

IS projection region conjugated with the illumination region on the reticle 1 6. 

[0069] As is apparent from the above descriptions, in such scanning type exposure apparatus, at least one of the 
intensity of the pulse light beams on the wafer 25 and the number of the pulse light beams irradiated onto tiie corre- 
sponding spots on the wafer 25 during the scanning exposure is adjusted, whereby the totaling quantity of light of the 
^ pulse light beams irradiated onto the corresponding spots on the wafer 25. onto which the pattern image of the reticle 

20 1 6 is transferred, is controlled to an optimized value in accordance with a sensitivity of the photoresist on the wafer 25. 
Specifically, in this embodiment, at least one of the oscillation intensity of Ihe ArF excimer laser beam source 1. the 
transmittance (light extinction rate) of the pulse light, tiie width of the pulse light region on the wafer 25. the oscillation 
frequency of the beam source 1 and the scanning speed of the wafer 25 is adjusted, whereby the exposure dose on 
each spot on the wafer 25 can be set a optimized value or the control precision of the exposure dose can be set within 

25 the demarxJed precision, for example. ±1 to 2 %. 

[0070] All of the unit section 70 of the projection optical system 23 are composed of refraction optical elements such 
as a lens, and the aperture diaphragm Ep is disposed at the position of the pupil (entrance pupil) of the projection opti- 
cal system 23. In order to change the numerical aperture of the projection optical system 23, this aperture diaphragm 
Ep has a structure such that a size of the aperture can be suitably changed by the driving device 61 controlled by the 

30 main controller 40. It should be noted that the apertijre diaphragm Ep and variable aperture diaptiragm 7a to 7g of the 
projection optical system 23 are disposed at positions which are optically conjugated. 

[0071] The specific lens 70a disposed in the unit section 70 of the projection optical system 23 is constituted such 
that it can suitably be moved by tiie lens driving device 62 controlled by the main controller 40. By moving such lens 
70a. at least one of tiie aberration otiier than tiie decentration coma abenation (curvature of field, astigmatic aberration. 
35 coma aberration, distribution, spherical aberration and so on), the projection magnification, and tiie focus position is, 
adjusted. 

[0072] The adjustment device 80 constituting the projection optical system 23 is disposed between the unit section 
70 and the wafer 25. and conrprises the planeisarallel plate 81 for correcting the decerrtration coma aberration of the 
projection optical system 23. This plane-parallel plate 81 is disposed approximately perpendicular to the optical axis AX 

40 of the projection optical system 23, and can suitably be moved by the plane-parallel plate driving device 63 controlled 
by tiie main controller 40. For example, by inclining the plane-parallel plate 81 from the plane perpendicular to the opti- 
cal axis AX, It is possible to correct only the decentration coma aberation produced In the unit section 70 independentiy 
from others. Specifically, by adjusting at least one of tiie inclination angle of the normal line to the plane-parallel plate 
81 relative to the optical axis AX and the direction of tiie inclination of tiie plane-parallel plate 81 . it is possible to correct 

45 only the decentration coma aberration of the projection optical system 23 independently from other aberrations and the 
like. The correction result of the decentration coma aberration is readjusted suitably in response to the change of expo- 
sure conditions of the wafer 25. Concretely, when at least one of the size and shape of the secondary light source, the 
aperture diaphragms 7a to 7f of the turret plate 7. tiie sort of the pattern on the reticle 16 and the numerical aperture of 
the projection optical system 23 is changed as the exposure conditions, the decentration coma aberration of the projec- 

50 tion optical system 23 is corrected by driving the plane-parallel plate driving device 63 so that it becomes minimum. 
[0073] The reticle 1 6 is fixed to the reticle stage 1 8 by the reticle holder 1 7. The reticle holder 1 8 is fitted to tiie base 
22 so that the stage 18 can move two-dimensionany along tiie plane perpendicular to the paper plane of Fig. 1 . The 
mirror 21 is provided in the reticle holder 1 7, and the laser beam from the laser interferometer 20 is reflected by the mir- 
ror 21 and incident onto tiie laser interferometer 20. The position of tiie reticle stage 18 is measured by such laser inter- 

55 ferometer 20. This position information is input to the main controller 40. and the main controller 40 drives tiie reticle 
stage driving motor 19 based on the position information, thereby controlling tiie position of the reticle 16. the speed of 
the reticle 16 during tiie scanning exposure and the like. 

[0074] The wafer 25 fixed to tiie wafer stage 27 by the wafer holder 26. The wafer stage 27 is provided so that it can 
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move two-dimensionally along the plane perpendicular to the paper plane of Fig. 1. The mirror 31 is provided in the 
wafer stage 27. and the laser beam from the laser interferometer 30 is reflected by the mirror 31 and incident onto the 

> laser interferometer 30. The position of the wafer stage 27 is measured by such laser interferometer 30. The position 
information is input to the main controller 40, and the main controller 40 drives the wafer stage driving motor 29 based 

' 5 on the position information, thereby controlling the position of the wafer 25, the speed of the wafer 25 during the scan- 
ning exposure and the like. The illuminance sensor (photoelectric detector) 28 is provided on the wafer stage 27. and 
illuminance of the exposure light irradiated onto the wafer 25 is detected. The detection signal from the illuminance sen- 
sor 28 is input to the main controller 40. 

[0075] In the projection exposure apparatus of this embodiment of the present invention, a plurality of optical ele- 
10 ments constituting of the illumination optical system is disposed in the atmosphere of inert gas such as nitrogen gas 
and helium gas. For this reason, as disclosed in Japanese Patent Application Laid-open No. Heisei 6(1994)-260385 
arKl USP 5559584 related to this application, provided are an inert gas supply device for supplying inert gas to a box 
(not shown) of the illumination optical system and a inert gas discharge device for discharging the contaminated inert 
gas from the box. Moreover, inert gas such as nitrogen gas is supplied to a plurality of spaces formed among a plurality 
15 of optical elements constituting the projection optical system 23, and the contaminated inert gas is discharged from the 
plurality of spaces. For this reason, the inert gas supplying device 41 and the inert gas discharging device 42 are pro- 
vided. The gas supplying device 41 supplies the inert gas such as dried nitrogen gas to the inside of the projection opti- 
cal system 23 via the pipe 43. The discharging device 42 discharges the gas in the projection optical system 23 to the 
outside via the pipe 44. 

20 [0076] Rgs. 3a and 3b are an explanatory view showing the structure of the adjustment device 80 disposed at the 
lower end portion of the projection optical system 23. Fig. 3a schematically shows the sectional structure of the adjust- 
ment device 80 when viewed from the side direction thereof, and Rg. 3b shows the structure of the adjustment device 
80 when viewed from the side direction thereof. As shown in Rgs. 3a and 3b, the adjustment device 80 comprises a first 
member 82 that is a metallic part for fixedly holding the plane-parallel plate 81 therein and a second member 83 that is 

25 a metallic part disposed between the first member 82 and the unit section 70. 

[0077] The first and second members 82 and 83 are connected so as to be freely slidabte interposing the sliding 
plane 86 which slightly inclines from a plane perpendicular to the optical axis AX. By relatively rotating both of the mem- 
bers 82 and 83 around the optical £ixis AX. the inclination angle of the normal line to the plane-parallel plate 81 can be 
adjusted. It should be noted that the inclination angle of the optical axis AX from the sliding plane 86 is set to half of the 

30 maximum inclination angle of the normal line to the plane-parallel plate 81 relative to the optical axis AX. In other words, 
when the first member 82 rotates from the second member 83 by 180'' in the illustrated situation, the inclination angle 
of the normal line to the plane-parallel plate 81 relative to the optical axis AX becomes twice the inclination of the optical 
axis AX from the sliding plane 86. 

[0078] The second member 83 and the unit section 70 are connected so as to be freely slidable via the sliding plane 
35 87 perpendicular to the optical axis AX. By relatively rotating the second member 83 and the unit section 70 around the 
optical axis AX. the inclination angle of the normal line to the plane-parallel plate 81 relative to the optical axis AX can 
be adjustable. 

[0079] The rotation position of the first member 82 relative to the second member 83 can be visually detected by 
reading out the scale ring 84 provided in the periphery of the uppermost end of the first member 82 using the index 89 
40 provided in one spot of the lowermost end of the second member 83. Moreover, the rotation position of the second 
member 83 relative to the unit section 70 can be visually detected by reading out the scale ring 87 provided in the 
periphery of the uppermost end of the second member 83 using the index 89 provided in one spot of the lowernxjst end 
of the unit section 70. 

[0080] The first driving section 63a provided in the driving device 63 adjusts the rotation position of the first member 
45 82 relative to the second member 83. and inclines the plane-parallel plate 81 by a predetermined angle from a plane 
perpendicular to the optical axis AX. Thus, it is possible to independentiy correct only the decentration coma aberration 
in a specified direction, which are created In the unit section 70. On the other hand, the secotKl driving section 63b 
adjusts the rotation position of the fist member 82 relative to the unit section 70, and appropriately sets the inclination 
direction of the plain-parallel plate 81 . Tlius, it is possible to adjust the correction direction of the decentration coma 
so aberration. The rotation position of the first member 82 relative to the second member 83 and the rotation position of 
the first member 82 relative to the unit section 70 can also be electrically detected by monitoring the quantity of the driv- 
ing by both of the driving sections 63a and 63b- For example, the rotation position of the first member 82 relative to the 
second member 83 is detected based on the driving amount of both of the driving sections 63a and 63b. whereby this 
rotation position can be converted to the inclination angle of the first member 82. 
55 [0081 ] A fixing screw long hole (not shown) is formed in the first member 82 by working it. so that the first and sec- 
ond members 82 and 83 can be securely fixed to each other with the desired angle around the optical axis AX. Moreo- 
ver, a fixing screw long hole (not shown) is formed In the second menr^er 83 by working it. so that the second menrtbers 
83 and the unit section 70 can be securely fixed to each other with tiie desired angle around the optical axis AX. 
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[0082] Fig. 4 is an explanatory view schematically showing the relation among the inclination angle of the plane- 
parallel plate 81 held by the first member 82. the generation of the decentration coma aberration and the correction for 
it. For example, in the case where the plane-parallel plate 81 and the wafer 25 are made to be parallel with each other 
as shown by the solid line, it is assumed that the laser beam LB for exposing form the unit section 70 is allowed to form 

5 its image at the point P1 on the wafer 25. From this situation, when the plane-parallel plate 81 is slightly inclined as 
shown with the two-dot chained line, the laser beam LB for exposing comes to form no image thereof at the point P1 by 
the decentration coma aberration. Concretely, the light coming along the optical axis AX among the laser beam LB is 
made to be moved parallel by the plane-parallel plate 81 and forms it image in the point P2 in the vicinity of the point 
PI . The light coming with an angular aperture among the laser beam LB undergoes a comparatively large effect of the 

10 plane-parallel plate 81 . makes a parallel movement, and forms its image in the point P3 which is remoter than the point 
P2 from the point P1 . Specifically, if no decentration coma aberration were produced by the unit section 70, the decen- 
tration coma aberration is generated by inclining the plane-parallel plate 81. This implies that when the decentation 
coma aberration is generated as in the laser beam LB shown by two-dots chained line, the decentration coma aberra- 
tion can be corrected by rotating the plane-parallel plate clockwise. 

IS 

(Modification of the Rrst Embodiment) 

[0083] Rg. 5 is a explanatory view schematically showing the principal portion of a projection exposure apparatus 
of this embodiment. In the projection exposure apparatus of Fig. 5. since the plane-parallel plate 81 provided in the 
20 adjustment device 80 is inclined relative to the plane perpendicular 1o the optical AX, a fine adjustment mechanism 
composed of the micrometer head 182 and the actuator 183 is provided. This fine adjustment device is capable of 
reducing a possibility of producing other aberrations, without rotating the plane-parallel plate 81 around the optical axis 
AX of the unit section. 

[0084] The pedestal 185 f ixed to the lower portion of the unit section 70 which constitutes the projection exposure 

25 apparatus is designed such that the pedestal 1 85 is guided by a device (not shown) so as to be movable in the direction 
of the optical axis relative to the plane-parallel plate holding chamber 1 86. The distance between the pedestal 185 and 
the plane-parallel plate holding chamber 1 86 can be adjusted by manipulating the three micrometer heads 182 fixed to 
the peripheral of the pedestal 185 using the actuator 183. At this time, if each of the spindles is allowed to project from 
the lower surface of the pedestal 185 by the quantity different from others by making the quantities of the manipulation 

30 of the micrometer heads 1 82 uneven, the plane-parallel plate 81 which is fixedly held by the plane-parallel plate holding 
chamber 186 can be inclined toward a desired direction by a desired angle relative to the plane perpendicular to the 
optical axis AX. Since the manipulation quantities of the micrometer heads, the inclination angle and direction of the 
plane-parallel plate 81 have a predetermined relation, tiie desired inclination angle and direction of the plane-parallel 
plate 81 are set in the main controller 40. whereby tiie manipulation quantity of each of the micrometer heads 182 can 

35 be computed following a beforehand obtained computational formula. 

[0085] Fig. 6a is a plan view of the projection optical system shown in Fig. 5, and Fig. 6b is a plan view provided in 
tiie lower portion of tiie projection optical apparatus. As siown in Fig. 6a. each of the micrometer heads 1 82 is disposed 
at regular inten/als in the periphery of the pedestal 185 fixed the lowermost portion of the unit section 70. The spindles 
1 84 of the micrometer head 1 82 contact the plane-parallel plate holding chamber 1 86 at tiie positions shown in Rg. 6b. 

40 Specifically, the pedestal 1 85 and the unit section 70 are mounted on the plane-parallel holding chanrtoer 186, wrth their 
three positions supported by the spindles 1 84. 

[0086] Returning to Fig. 5. the sensors for detecting the light quantity and other illuntination conditions is arranged 
between the condenser optical system 15 and tiie retide 16. The change of tiie illumination conditions is transmitted to 
the main controller 40. The main controller 40 drives the acutuator 183 in response to the change of the illumination 
45 conditions detected by the sensor 1 4, and appropriately adjusts the inclination angle and direction of the plane-parallel 
plate 81. 

[0087] In Rg. 1 , an operator can make the first and second members 82 and 83 for adjusting the inclination angle 
and direction of the plane-parallel plate 81 to rotate by hand, and in Rg. 5, tiie operator can drive the micrometer head 
182 by hand. However, as in the above-described embodiment, the aberration correction by automatically inclining the 
so plane-parallel plate 81 in accordance with the change of the exposure conditions without the operator is more advanta- 
geous in that the exposure can be performed without causing a reduction of the throughput. 

[0088] In the above<lescribed embodiment of the present invention, the projection exposure apparatus comprises 
the plane-parallel plate arranged approximately perpendicularly to the optical axis of the projection optical system which 
plate is disposed on the photosensitive substrate side of tiie projection optical system, and tiie adjustment device for 
55 adjusting at least one of tiie inclination angle of tiie normal line of the plane-parallel plate to ttie optical axis of ttie pro- 
jection optical system and tiie inclination angle of the plane-peU'allel plane. For this reason, the decentation coma aber- 
ration of the projection optical system can be simply corrected independerrtly from ottier aberrations, wherry a 
secondary effect that relatively deteriorates other aberrations due to the correction of the decentration coma aberration 
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hardly to occur. 

- ; [0089] Moreover, according to another embodiment of the present invention, the illumination optical system is fur- 
ther comprised, which changes at least one of the size and shape of the secondary light source in accordance with the 
pattern of the mask, and the adjustment device adjusts at least one of the inclination angle and inclination direction of 
. 5 the foregoing plane-parallel plate in response to the change of the secondary light source. For this reason, when the 
illumination conditions change and prior conditions of the correction of the decentration coma aberration changes fol- 
lowing the change of the secondary light source, the decentation coma aberration can be corrected most suitably in 
response to the change of such prior conditions, so that the deterioration of the exposure performance of the exposure 
device can be effectively prevented. 
10 [0090] According to another embodiment of the present invention, in a projection exposure apparatus which 
exposes a photosensitive substrate by a pattern of amask, provided is a projection optical system which includes a plu- 
rality of optical elements arranged along an optical axis substantially perpendicular to the mask and the foregoing pho- 
tosensitive substrate, and a plane-parallel plate arranged on the foregoing photosensitive substrate side; and an 
adjustment device for adjusting an aberration of the foregoing projection optical system by moving the foregoing plane- 
rs " parallel plate in response to a change of exposure conditions of the foregoing photosensitive substrate. 

[0091] Moreover, according to the preferred embodiment of the present invention, the adjustment device inclines 
the plane-parallel plate relative to the plane perpendicular to the optical axis of the projection optical system without 
substantially rotating the plane-parallel plate, and ajusts the decentratioon coma aberration of the projection optical sys- 
tem. Therefore, when the prior conditions of the con-ection of the decentration coma aberration changes following the 
20 change of the exposure conditions, the adjustment device can correct the decentration coma aberration in response to 
the changes of the prior conditions most suitably, so that the deterioration of the exposure performance of the exposure 
device can be effectively prevented. 

[0092] Moreover, according the preferred embodiment of the present invention, in order to adjust at least one of the 
aberration other than the decentration coma aberration, projection magnification and focus position of the projection 
25 optical system, the driving device for moving at least one of a plurality of optical elements of the projection optical sys- 
tem is further comprised. Therefore, the image formation by the projection optical system can be conducted in the best 
condition while correcting the decentration coma aberration suitably. 

[0093] Furthermore, according to the preferred embodiment of the present invention, the projection exposure appa- 
ratus further comprises the illumination optical system for changing the size and shape of the secondary light source in 

30 accordance with the pattern, of the mask, and the aperture diaphragm for allowing the numerical aperture of the illumi- 
nation optical system to be variable. Since at least one of the size and shape of the secondary light source, the sort of 
the pattern of the mask, and the numerical aperture of the projection optical system is included in the exposure condi- 
tions of the photosensitive substrate, the above-described various kinds of the exposure corxjitions can be suitably 
changed, while correcting the decentration coma aberration most suitably 

35 [0094] Moreover, according to another embodiment of the present invention, the projection exposure device for 
exposing the photosensitive substrate with the pattern of the mask comprises the projection optical system which has 
a plane-parallel plate arranged along the optical axis approximately perpendicular to the mask and the photosensitive 
substrate, and the driving mechanism which inclines the plane-parallel plate relative to the plane perpendicular to the 
optical axis of the projection optical system. Therefore, when the prior conditions of the correction of the decentration 

40 coma aberration changes following the change of the exposure conditions, the adjustment device can correct the 
decentration coma aberration in response to the changes of the prior conditions most suitably, so that the deterioration 
of the exposure performance of the exposure device can be effectively prevented. 

[0095] Next, a second embodiment of the present invention will be described with reference to the accompanying 
drawings. The following embodiment of the present Invention concerns the case where the present invention is applied 
45 when an exposure is performed using a step and scan type projection exposure apparatus. 

(Second Embodiment) 

[0096] Rg. 7 shows a step and scan type projection exposure apparatus. Referring to Fig. 7. the exposure light 
so formed of ultraviolet light emitted from the exposure light source 201 conposed of a KrF excimer laser light source or 
an ArF excimer laser light source is incKlent onto the fly eye lens 204 via the beam shaping optical system and tiie light 
quantity attenuator (both are not shown). The aperture diaphragm plate 205 of the illumination system is disposed rota- 
tively on the emission plane of the fly eye lens 204. Around the rotation shaft of the aperture diaphragm plate 205, dis- 
posed are the circular aperture diaphragm 205a for normal illumination, the small circular aperture diaphragm 205b for 
55 small coherent factor ( a value), the ring-shaped aperture diaphragm 205c for zone illumination, and the aperture dia- 
phragm 205b for modification illumination, which diaphragm is composed of a plurality of eccentric small openings, as 
shown in Fig. 10. It should be noted that many illumination system aperture diaphragm may further be provided accord- 
ing to demand. 
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[CM)97] Returning to Fig. 7. the main control system 234 for collectively controlling the operation of the whole of the 
projection exposure apparatus is constituted such that by rotating the aperture diaphragm plate 205 via the driving 
motor 206. a desired illumination system aperture diaphragm can be disposed on the emission plane of the fly eye lens 
204. The main control system 234 includes also a computer for computing the deformation quantity of the reticle and 

5 the correction quantity of the image formation characteristic of the projection optical system as described later. A part 
of the exposure light IL passing through the aperture diaphragm on the emission plane of the fly eye lens 204 is 
reflected by the beam splitter 207. and thereafter incident onto the integrator sensor 208 composed of a photoelectric 
detector. The detection signal of the integrator sensor 208 is supplied to the main control system 234, and the main con- 
trol system 234 Indirectly monitors the illuminance (pulse energy) of the exposure light I L on the surface of the wafer 

10 220 and the totaling quantity of the exposure light on each spot of the wafer 220 based on the detection signal. The 
main control system 234 controls the output from the exposure light source 201 via the power source device 203 and 
controls the attenuation rate of the exposure light by a light attnuator (not shown) so that the illuminance monitored in 
such manner and the totaling quantity of the exposure light attain the target values. 

[0098] On the other hand, the exposure light IL passing transmitting through the beam splitter 207 travels through 
15 a relay lens (not shown), the reticle blind 21 0, the mirror 21 2 for use in bending an optical path, and the condenser lens 
213, and then illuminates the rectangular illumination region in the pattern region, which is provided in the pattern plane 
(lower plane) of the reticle 21 4. The pattern in the illumination region of the reticle 21 4 is projected reductively onto the 
exposure region on the wafer 220 with a predetermined projection magnification p ( P : 1/4, 1/5 etc.), on which resist is 
coated. In the projection optical system 216. the aperture diaphragm 217 is disposed on an optical Fourier transform 
so plane (pupil plane) for the pattern plane of the reticle 216. The main control system 234 makes the driving system 233 
to control the aperture diameter of the aperture diaphragm 217, whereby the numerical aperture NA of the projection 
optical system 21 6 is determined. 

[0099] The plane where the reticle blind 21 0 is disposed is approximately conjugated with the pattern plane of the 
reticle 214. the shape and size of the rectangular illumination region on the reticle 214 are set t3y the aperture shape of 

25 the reticle blind 21 0. In this embodiment of the present invention, the main control system 234 can make the driving sys- 
tem 21 1 to control the aperture shape of the reticle blind 210. whereby the width in the illumination region on the retide 
214 in the scanned direction and the width therein in the non-scanned direction perpendicular to the scanned direction 
can be adjusted. The control of the widths of the illumination region enables the illuminances on the wafer 220 in the 
scanned and non-scanned directions to be adjusted. Moreover, in order to prevent the exposure onto unnecessary por- 

30 tions immediately after the start of the scanning exposure and immediately before completion of the scanning exposure, 
the movable blind (not shown) to cover the aperture portion of the reticle blind 210 is also provided in the vicinity of the 
reticle blind (fixed blind) 210. However, the retide blind 210 may exert also the function of this movable blind. In the fol- 
lowing description, the Z-axis is taken in parallel with the optical axis AX of the projection optical system 216, Y-axis is 
taken along the scanning direction perpendicular to the paper plane of Rg. 7 and X-axis is taken along the direction per- 

35 pendicular to the scanning direction at the time when the scanning exposure is performed on the plane perpendicular 
to the Z-axis. 

[0100] Rrst, the reticle 214 is in the situation where it is held on the retide stage 215. 

[0101] Fig. 1 1 shows the driving mechanism of the retide stage 215. Referring to Fig. 11. the reticle stage 215 is 
mounted on the fine movement stage 248 relatively, and the fine movement stage 248 is mounted on the coarse move- 

40 ment stage 250 so as to slightly move in the X- direction by the driving motor 251 . The coarse movement stage 250 are 
provided on a pair of guides 252 interposing an air bearing, which Is disposed along the Ydirection (Scanning direc- 
tion), and the coarse movement stage 250 is made to continuously move along the pair of gukles 252 in the Ydirection 
by. for example, a linear motor. The retide stage 21 5 is connected to the fine movement stage 248 interposing the rota- 
tion mechanism 249, and the reticle stage 215 is energized toward the rotation mechanism 249 by the pulling coil spring 

45 260 provided in three spots. The reticle stage 215 rotates relative to the fine movement stage 248. Specifically, the ret- 
ide stage 215 is supported so that is able to continuously move in the Y-direction and to slightly move in the X and Y- 
directions and rotation direction. 

[0102] Moreover, the moving mirror 254 for the Y-axis and the moving mirror 253 for the X-axis are fixed to the end 
portion of the reticel stage in the - Y-direction and the end portion thereof in the + X-direction. respectively. A laser beam 

so is in-adiated onto the moving mirror 254 from, tor example, a pair of laser interferometers (not shown) for the Y-axis, and 
a laser beam is irradiated onto the moving mirror 253 from, for example, a laser interferometer (not shown) for the X- 
axis. The X and Y-coordinates and rotation angle of the retide stage 215 are measured by these laser interferometers. 
These measurement values are supplied to the main control system 234 of Rg. 7. and the main control system 234 con- 
trols the movement speed and position of the reticle stage 215 through a linear motor and the like (not shown) based 

55 on these measurement values. 

[0103] Returning to Rg. 7, the wafer 220 is adsorbed onto a wafer holder (not shown) and held thereonto, which is 
fixed onto the sample stage 221. The irradiation quantity monitor 228 composed of a photoelectric detector is fitted in 
the vicinity of the wafer 220 (wafer holder) on the sample stage 221 . and the detection signal of the in-adiation quantity 
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monitor 228 is supplied to the main control system 234. The sample stage 221 is fixed onto the wafer stage 222 which 
allows the sample stage 221 to continuously move in the Y-direction and performs a step-driving in the X and Y-direc- 
tions. Also a Z stage mechanism for controlling the position (focus position) of the sample stage 221 in the Z<lirection 
and the inclination or tilt angle thereof is built into the wafer stage 222. 
. 5 [01 04] Auto focus sensors (hereinafter referred to as AF sensors 226 and 227) composed of a light sending system 
226 and a light receiving system 227 are disposed on the side of the projection optical system 216. and a plurality of 
slit images projected onto the surface of the wafer from the light sending system 226 obliquely are again subjected to 
an image formation by the light receiving system 227. The lateral shifting of the image which has been formed again is 
detected, whereby the focus positions at a plurality of measurement spots to which these slit images are projected are 
10 detected, and the detection results are supplied to the wafer stage driving system 225. The wafer stage driving system 
225 drives the Z-stage mechanism in the wafer stage 222 by an auto focus method and a auto leveling method so that 
the plurality of focus positions detected by the AF sensors 226 and 227 coincide with a position of an Image surface of 
the projection optical system 216 previously inputted from the main control system 234. 

[0105] Hie moving mirror 223 having reflection planes perpendicular to each other is fixed onto the wafer stage 

15 222. and a laser beam is irradiated onto the moving mirror 223 from the three axis laser interferometer 224 provided in 
the outside. The X and Y-coordinates and rotation angle of the sample stage 221 (or rotation angle of the wafer 220) 
are measured by these interferometer, and these measurement values are supplied to the wafer stage driving system 
225 and the main control system 234. The wafer stage driving system 225 drives the wafer stage 222 in the X and Y- 
directions based on the measurement values and the control information from main control system 234. 

20 [01 06] At the time when the scanning exposure is performed, the reticle stage 21 5 is made to move the reticle 214 
in the + Y-direction (or — Y-direction) at a speed VR relative to the rectangular illumination region, and in synchroniza- 
tion with the movement of the reticle 214, the wafer stage 222 is made to move the wafer 220 in the — Y-direction (or + 
Y-direction) at a speed p • VR (p : the projection magnification from the reticle 214 onto the wafer 220) relative to the 
exposure region, whereby the pattern image in the pattern region of the reticle 214 is sequentially transferred onto one 

25 of the shot regions on the wafer 220. Thereafter, by allowing the wafer stage 222 to step in order to move the next shot 
region on the wafer 220 to a scan starting position, an operation to perform the scanning exposure is repeated by the 
step ard scanning method, and the exposure onto the shot regions on the wafer 220 is performed. At this time, based 
on the detection signal of the integrator sensor 208. the main control system 234 controls the exposure quantity at each 
spot on each shot regions toward desired target value. 

30 [0107] When such scanning exposure is continued, each of the optical members constituting the reticle 214 and the 
projection optical system 216 are expanded and deformed by the irradiation heat of the exposure light IL, and the mag- 
nification of the image projected onto the wafer 220 and the Image formation characteristic such as the various aberra-. 
tions gradually vary in accordance with the expansions and deformations. The desired projection image will not be 
exposed. Moreover, the image formation characteristic varies also by environmental conditions such as atmospheric 

35 pressure. In order to avoid the variation of such image formation characteristic, a measurement mechanism for the irra- 
diation quantity of the exposure light IL and the environmental conditions, and a correction mechanism of tiie image for- 
mation characteristic of tiie projection image are incorporated in the projection optical system of this embodiment. 

[Measurement Mechanism of Irradiation Quantity of Exposure Light] 

40 

[0108] Rrst. a part of the measurement mechanism for the irradiation quantity of the exposure light IL constitutes 
the irradiation quantity monitor 228 on the sanrple stage 221. The irradiation quantity monitor 228 is constituted such 
that it is capable of measuring the light quantity of the ecposure light IL actually passing tiirough the projection optical 
system 216. and the irradiation quantity monitor 228 is constituted such that even when the position (best focus posi- 

45 tion) of the image surface of the projection optical system 216 varies, its light receiving plane can be positioned at the 
best focus position of the image surface of the projection optical system 216 by driving the wafer stage 222 in the Z- 
direction. As the irradiation quantity monitor 228, a silicon photodiode or a photo-multiplier can be used. Though the 
irradiation quantity monitor 228 is provided on the wafer stage 222 in this embodiment, tiie structure may alternatively 
be adopted, in which only a light collection optical system is Incorporated on tiie wafer stage 222 and the exposure light 

so collected by the light collection optical system is guided to the external irradiation quantity monitor 228 via a relay optical 
system or an optical fiber. In this case, since the irradiation quantity monitor 228 need not to be provided on the wafer 
stage 222. it is possible to prevent the deterioration of the positioning precision of the wafer stage 222 due to a heat 
generation of the irradiation quantity monitor 228. 

[0109] In this embodiment the exposure light IL reflected by the wafer 220 returns to the beam splitter 207 via the 
55 projection optical system 21 6, the reticle 21 4. the condenser lens 213 and so on. and the luminous flux reflected by the 
beam splitter 207 is incident onto the reflectance sensor 209 composed of a photoelectric detector. The detection signal 
of the reflectance sensor 9 is supplied to the main control system 234.. The main control system 234 connputes tiie 
reflectance of the wafer 220 based on the detection signal of the reflectance sensor 209. Form tiie sum of the illumi- 
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nance (pulse energy) of the exposure light IL measured by the irradiation quantity monitor 228 and the illuminance 
obtained by multiplying the illuminance (pulse energy) with the reflectance detected by the reflectance sensor 209, an 
energy per unit time of the exposure light IL passing through the projection optical system 216 is obtained. 
[01 1 0] In Rg. 7, for example, in the case where the quantity of the light passing through the projection optical sys- • 

5 tern 216 is measured using the irradiation quantity monitor 228. since the reticle 214 Is provided on the optical path of 
this light, the light is influenced by the variation of the transmittance of the reticle 214. In order to avoid the influence of 
the transmittance variation of the reticle 214, a transmission window is provided on the reticle stage 215. 
[01 1 1 ] Specifically, as shown in Rg. 1 1 . the light transmission windows 255 and 256 are formed on two spots on 
the reticle stage 215, which put the reticle 214 therebetween in the scanning direction (Y-direction). The irradiation 

70 quantity monitor 228 is previously arranged in the exposure region on the side of the wafer stage 222. In the case where 
the reticle 214 is scanned in the + Y-dlrection. the light transmission window 255 on the + Y-directlon side takes in the 
detection signal of the in-adiation quantity monitor 228 at the time when the window 255 is in the illumination region of 
the exposure light. In the case where the reticle 214 is scanned in the — Y-direction. the light transmission window 256 
on the — Y-direction side takes in the detection of the in^adiation quantity monitor 228 at the time when the window 256 

IS is in the illumination region of the exposure light. Thus, the light quantity passing through the projection optical system 
216 can be detected without interposing the reticle 214. 

[01 1 2] The illuminance sensor 257 composed of a photoelectric detector is provided on the reticle stage 21 5 as well 
as in the vicinity of the light transmission window 256. and the reference reflection plate 258 of a larger area than that 
of the illumination region on the reticle 214 is provided in the vicinity of the illuminance sensor 257. The detection signal 

20 of the illuminance sensor 257 is supplied to the main control system 234 of Fig. 7. and the illuminance of the exposure 
light IL on the reticle 21 4 can be detected by the illuminance sensor 257 with a high precision. On the other hand, in the 
state where the reference reflection plate 258 is provided in the illumination region of the exposure light IL tiie detection 
signal of the reflectance sensor 209 of Rg. 7 is taken in. whereby the variations of the transmittance of the illumination 
optical system anranged after the beam splitter 207 can be measured without the influence of the variations of the trans- 

25 mittances of tiie reticle 214 and projection optical system 216. 

[01 13] A silicon photodiode. a photo-multiplier or the like can be used also as the illuminance sensor 257 of Fig. 1 1 . 
For the illuminance sensor 257. tiie structure may be adopted, in which only a light collection optical system is incorpo- 
rated in the reticle stage 215 and the exposure light collected by the light collection optical system is guided to the exter- 
nal illuminance sensor 257 via a relay optical system, an optical fiber or the like, tn this case, since the fliuminance 

30 sensor 257 needs not to be provided on tiie reticle stage 21 5. it will be possible to prevent the deterioration of the posi- 
tioning precision of the reticle stage 21 5 due to a heat generation of tiie illuminance sensor 257. 
[0114] Moreover, as the measurement mechanism of tiie environmental conditions, as shown in Rg. 7. the air pres- 
sure sensor 229 is provided inside ttie projection optical system 216 (inside a barrel), and the measurement value of 
the air pressure 229 is supplied to tiie main control system 234. Information concerning a tenrperature. air pressure and 

35 humidity of gas sun-ounding tiie projection optical system 21 6. which are measured by the temperature sensor 230, the 
air pressure sensor 23 1 and the humidity sensor 232 provided in the vicinity of the projection optical system 21 6. is sup- 
plied to tiie main control system 234. 

[Correction Mechanism of Image Formation Characteristic] 

40 

[0115] Next, ttie confection mechanism of the image formation characteristic of tiiis embodiment of tiie present 
invention will be described. Refem'ng to Rg. 7. the correction mechanism is constructed such that the image formation 
characteristic correction section 218 is provided inside the projection optical system 216. the main control system 234 
makes tiie image formation characteristic control section 219 to move a predetermined lens constituting the image fbr- 
45 mation characteristic correction section 218. so tiiat the correction of a predetermined image formation characteristic 
can be conducted- The constitution of the image fbrmation correction section 218 will be described witii reference to 
Fig. 8, below. 

[0116] Fig. 8 shows the internal constitution in the projection optical system 216 of the projection exposure appa- 
ratus of this embodiment of the present invention. Referring to Rg. 8. five lens groups 236 to 240 among a plurality of 

50 lens groups which constitute the projection optical system 216 are supported so that they can be driven by the con-e- 
sponding driving elements 242 to 246 formed of a piezoelectric device (piezo crystal element and the like), which are 
freely expanded and contracted. Each of the driving elements 242 to 246 is composed of three driving elements, which 
can move tiie corresponding lens groups 236 to 240 toward the optical axis direction of the projection optical system 
and incline them relative to a plane perpendicular to the optical axis, whereby the corresponding image fbrntation char- 

55 acteristics vary. When information concerning the correction quantity of the predetermined image formation character- 
istic from tiie main control system 234 is supplied to the Image fbrmation control section 219, ttie image fbrmation 
characteristic control section 219 drives the conresponding driving elements 242 to 246 by ttie quantity corresponding 
to the correction quantity. Thus, ttie predetermined image formation characteristic is corrected. 
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[0117] In this case, the two lens groups 236 and 237 on the side of the reticle 214 are constituted so that they are 
collectively driven, and the three lens groups 238, 239 and 240 on the side of the wafer 220 are separately driven, so 
that by driving each of the lens groups the distance from this driven lens group to the adjacent lens groups can be simul- 
taneously changed. In this style, there is an advantage that the driving quantities of the lens groups 236 to 240 can be 

5 reduced as a whole. In consideration of the relation between the driving quantity of each of the lens group 236 to 240 
and the change quantity of the image formation characteristic, instead of the style in which the upper two lens groups 
236 and 237 are collectively driven, the style in which the lower two groups, for example, lens groups 239 and 240. are 
collectively driven may be adopted. Adoption of one of styles should be determined depending on the driving quantity 
of the lens groups 236 to 240 and the positioning stability precision required to the lens groups 236 to 240. when the 

to correction is performed. Moreover, the plane-parallel plate 241 is provided on the side of the wafer 220 in the projection 
optical system 216 so that it can be driven by the driving element 247. and the image formation characteristic control 
section 219 controls inclination angle and the position of the plane-parallel plate 241 in the 2 direction, whereby the 
decentration coma aberration is principally con-ected. On the side of the reticle 21 4 of the projection optical system 21 6. 
provided is a plane-parallel plate 235 of which the surface is fine uneven, in order to correct the non-rotational symmet- 

15 rical component of the distortion among the aberrations of the whole of the projection optical system. 

[0118] Here, a method for driving the lens group 236 as the representation of the lens groups 236 to 240 will be 
described with reference to Fig. 9. 

[0119] Fig. 9 is a plane view showing the lens group 236 in the projection optical system 216, Referring to Fig. 9. 
the lens group 236 is held by a lens frame (not shown) formed of metal, which is mounted on a lens frame of the lens 
20 group under the lens group 236. Interposing the three driving elements 242a. 242b and 242a The driving elements 
242a to 242c are expressed by one driving element 242 in Fig. 8. In tfiis case, by expanding and contracting the three 
driving elements 242a to 242c in the Z direction independently, the lens groups 236 is inclined and driven in the Z direc- 
tion, that is. the optical axis direction. 

[0120] At the position (driving spot) where the driving elements 242a to 242c are arranged, position sensor (not 
25 shown) are disposed, and the information concerning the contraction quantities of the driving elements 242a to 242c 
detected by these position sensors are supplied to the image formation characteristic control section 219. In the image 
formation characteristic control section 219. the driving elements 242a to 242c are driven by a closed loop method so 
that the detected contraction quantities are made to be equal to target values. As the position sensors, a gap sensor of 
an electrostatic capacitor type, a linear encoder of an optical type or a magnetic type, an interferometer or the like may, 
30 for example, be used. 

[01 21 ] Returning to Fig. 8. by changing the combination of the position of the lens groups 236 to 240. plane-parallel 
plate 241 and plane-parallel plate 235 of the projection optical system in the Z direction with tiie Inclination angle 
thereof, various kinds of the image formation characteristics can be conected to the desired state. 
[0122] In the case where the plane-parallel plate 235 is provided at a position close to the reticle 214 as in this 

35 embodiment, the exposure light passing through tiie reticle 214 is in a spreded state at tiie position of tiie plane-parallel 
plate 235, unlike its state at the time when it Is dose to tine pupil surface (tiie optical Fourier transform surface relative 
to the pattern plane of the reticle) . For this reason, when the projection optical system 21 6 is a reduction projection opti- 
cal system, there is an advantage that a manufacturing precision can be relaxed. On the contrary, when the projection 
optical system 216 is an equi-magnification projection optical system, tiie plane-parallel plate 235 may be disposed on 

40 any side of the reticle 214 and wafer 220. When the projection optical system 21 6 is a magnifying projection optical sys- 
tem, tiie same effect can be obtained by disposing the plane-parallel plate 235 on the side of the wafer 220. 
[01 23] Although the image formation characteristic is corrected by driving the lens groups 236 to 240 and the plane- 
parallel plates 235 and 241 , a mechanism for correcting the image formation characteristic by sealing a space between 
the specified lenses in the projection optical system 216 to change tiie internal pressure may be adopted. Specifically. 

45 in Fig. 1 . the Image formation characteristic such as a magnification may be corrected by contiroliing a pressure of tiie 
gas in the given space 21 8A in the projection optical system 216 using tiie Image formation characteristic control sec- 
tion 21 9A. Moreover, the combination of a mechanism for conft-olling an internal pressure between tiie lenses with a 
mechanism for driving the lens or tiie plane-parallel plate as described above may be used. Moreover, a mechanism for 
conti-olling the position of the reticle 214 in the Z direction and tiie inclination angle tiiereof may be further combined 

so witii them. 

[Computing Method of Thermal Deformation Quantity of Reticle] 

[0124] As described above, the measurement mechanism for tiie irradiation quantity of the exposure light is pre- 
ss vided In this embodiment. In order to correct tiie image formation characteristic in accordance with the measurement 
results by the measurement mechanism, it is necessary to compute tifie thermal deformation quantity of tiie reticle 214 
depending on the inadiation quantity of the exposure light and tiie variation quantity of the image formation character- 
istic accompanied by tiie thermal deformation of ttie reticle 214. Accordingly, a computing method of tiie ttiermal defor- 
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mation quantity of the recticle 214 will be described. The thermal deformation of the reticle 21 4 is generated depending 
on the temperature distribution of the reticle 214, Therefore, in order to compute the thermal deformation quantity, the 
temperature distribution of the reticle 21 4 at a certain point of time is obtained. As a method to compute this tempera- 
ture distribution, there has been a method to compute the temperature change in each spot by the calculus of finite dif- 
5 ference and the finite element method. In this embodiment, the computation is performed using the calculus of finite 
difference which is comparatively simple. 

[0125] Fig. 12 is the sate where the pattern region 261 of the reticle 214 is divided into five parts in the scanning 
direction (Y-direction) and into four parts in the non-scanning direction (X-direction), specifically, the state where the pat- 
tern region 261 thereof is divded into 20 blocks of 5 x 4 species. In Fig. 12. the divided blocks are expressed as the 
10 block B1 to B20 and the center spots of the blocks B1 to 820 are expressed as PI to P20. Noted that it is suitable that 
the nuntoer of the divided blocks and the selection of the computing method may finally be determined depending on 
the required precision, the computing speed of computers and the like. In this embodiment, the division of the pattern 
region 261 of the reticle 214 into 20 blocks is nothing but for the convenience. 

[0126] Moreover, even when the trfocks 81 to 820 of the reticle 21 4 is illuminated by the same illuminance, the ther- 
75 mal quantity absorbed in the reticle 214 is different for each of the blocks 81 to 820 due to the distribution of the pattern 
presence rate. For this reason, it is necessary to obtain the pattern presence rate for each of the Wocte 81 to 820 on 
the reticle 214. However, it is assumed that the absorbed thermal quantities of the blocks are even. 
[0127] The pattern presence rate of each of the blocks 81 to 820 is obtained from an output ratio of an output of 
the Integrator sensor 208 to that of the irradiation quantity monitor 228 on the sample stage 221 of Rg. 7. To obtain this 
20 output ratio, a reticle (test reticle) of the same shape as that of the reticle 21 4 of Fig. 1 2. on which no pattern is drawn, 
is first positioned so that the center of the blocks 81 to 820 in the scanning direction approximately coincides with the 
center off the illumination region of the exposure light IL (the center of the blocks 81 to 820 being the optical axis AX of 
the projection optical system 216). Subsequently, the wafer stage 222 of Fig. 7 is made to move, whereby the center of 
the in^dlatlon quantity monitor 228 is sent to approximately the center of the Illumination region by the projection optical 
25 system 216. Since the in-adiation quantity monitor 228 is required to receive all of the exposure light irradiated onto the 
wafer 220 and to perform a photoelectric detection, the light receiving plane of the irradiation quantity monitor 228 is 
formed to be somewhat larger than the exposure region of the projection optical system 216. The irradiation quantity of 
the exposure light which reaches onto the sample stage 221 through tiie test reticle and the like is measured. 
[0128] Thereafter, the shape off the aperture portion off the reticle blind 210 is changed through the driving system 
30 21 1 so as to illuminate only the block 81 . so that the output of the irradiation quantity monitor 228 is measured. At the 
same time, the output of the integrator sensor 208 is also measured. Then, the shape of the aperture portion of the ret- 
icle blind 210 is changed, and the blocks 82 to 84 are sequentially illuminated. At this situation where each of the blocks 
B2 to 84 is illuminated, the outputs of the irradiation quantity monitor 228 and integrator sensor 208 are measured. 
Thereafter, the reticle stage 21 5 is driven, whereby the centers of the blocks 85 to 88 on the subsequent column of Fig. 
35 1 2 are positioned near the center of the illumination region of the exposure light. Thus, the blocks 85 to 88 are sequen- 
tially illuminated tiirough the reticle blind 210. and the outputs of the in-adiation quantity monitor 228 and integrator sen- 
sor 208 are measured. Moreover, the same measurement operations is executed also for tiie blocks 89 to 812. the 
blocks B1 3 to 81 6 and the blocks B1 7 to B20. which are disposed after the subsequent columns. 
[01 29] Next, for the reticle 21 4 on which a pattern for an actual exposure is drawn, the same measurement as those 
40 for the foregoing test reticle is repeated, and the outputs of the in-adiation quantity monitor 228 and integrator sensor 
208 are measured for each of the blocks 81 to 820. Then, based on the ratio of the output of the irradiation quantity 
monitor 228 with that of the integrator sensor 208 when the test reticle on which no pattern is drawn is used as well as 
the ratio of the output of the irradiation quantity monitor 228 with that of the integrator sensor 208 when the reticle 214 
on which the pattern is drawn is used, the pattern presence rate on the reticle 214 is obtained for each of tiie blocks 81 
45 to B20. 

[0130] Though the test reticle on which no pattern is drawn is used in tine measurement of tiie pattern presence 
rated in this embodiment, the ratio of the output off the irradiation quantity monitor 228 with that of ttie integrator sensor 
208 may be obtained in tiie state where the reticle 214 is not present on the reticle stage 215. In this case, since it is 
unnecessary to prepare the test reticle, a throughput of the manufacturing steps enhances and a manufacturing cost 
so reduces. 

[0131] Moreover, in this embodiment, the measurements are performed after adjusting tine widtii of tiie aperture 
portion of the reticle blind 210 with the sizes off tiie blocks B1 to B20. respectively. However, if tine irradiation quantity 
monitor 228 is previously divided into four parts so that each part is equal to the sizes of tiie blocks 81 to 84. tiie irra- 
diation quantity monitor 228 can monitor tiie light quantity independentiy It is satisfactory tiiat tiie aperture portion of 
55 the reticle blind 21 0 is widened to a size so as to be able to illuminate all of the blocks B1 to B4. and tiie light quantities 
off the four blocks B1 to B4 are simultaneously measured by using the four-divided irradiation monitor. The integrator 
sensor 208 is disposed more closely to tiie exposure light source tiian tiie reticle 214. and tiie integrator sensor 208 is 
not influences by ttie pattern off the reticle 214. Therefae, there is no problem when the same value is used for tiie out- 
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puts of the integrator sensor 208 for the blocks B1 to B4. 

[0132] Moreover, by disposing the light receiving plane of the integrator sensor 208 at the position conjugated with 
the pupil surface of the projection optical system 21 6. it is possible to make the integrator sensor 208 less prone to be 
influenced by the pattern of the reticle 214. In this case, it is not required for the light receiving plane of the integrator 
5 sensor 208 to secure the size so as to be able to receive all of the exposure light, so that the total size of the illumination 
optical system can be reduced. 

[0133] The pattern presence rate of the reticle 214 may be measured every replacementof the reticle 214 with new 
one. Alternatively, the pattern presence rate of the reticle 21 4 may be previously measured at the time of manufacturing 
■ the reticle 214, and It may be stored in the main control system 234. In this case, it is possible to prevent the reduction 
,10 of the throughput at the time of the exposure. In the case where the area of each of the blocks B1 to 820 which divide 
the reticle 214 is equal, the area of the light receiving plane of the irradiation quantity monitor 228 is nrade to be a size 
corresponding to that of each block, and the irradiation quantity monitor 228 is made to perform a stepping movement 
by the wafer stage 222. whereby the transmitting light quantity on the entire surface of the reticle 21 4 may be measured. 
In this method, there is an advantage that the wafer stage 222 can be manufactured to be small-sized. 
15 [0134] Subsequently, the thermal absorption quantity of each of the blocks 81 to 820 is computed based on the 
pattern presence rate of each block. Each block absort)s in proportion to the illuminance of the exposure light IL, which 
is in proportion to the power of the exposure light source 201 . as well as the pattern presence rate. The heat absorbed 
moves to the air or the reticle stage 214 by radiation or diffusion. In addition, the thermal transfer occurs also between 
the blocks. The thermal transfer between two bodies is first considered. The thermal transfer in this case is principally 
20 in proportion to a temperature difference between the two bodies. Moreover, the changing rate of the temperature 
change accompanied by the thermal transfer is in proportion to the transfer quantity of the heat These physical quan- 
tities are expressed as follows by the equations. 

AQ = k^ . (T^— Tg). (Equ. 1) 

25 

{dTO/(dt)=— kg . AQ. 
(dT2)/(dt)=k3 . AQ 

30 where A Q is the thermal quantity. T^ and Tg are a temperature of each of the bodies, t is a time, ki. 1^ and are a 
proportion coefficient. From the above-described equations, the following equation are established. 

(dT,)/(dt)=-k4 • {T,-T2). (Equ. 2) 

{dT2)/(dt) = k5 . (T.-Tg) 

where k* and are a proportion coefficient. The above-descrbed equations shows a first-order lag system. When 
there is a temperature difference between T^ and T2. both reach the predetermined temperature while drawing an expo- 
nential curve. Based on the above-described equations, the temperature distribution of the reticle 214 is computed. 

40 [0135] Rrst. when attention is paid to the block 81 of Fig. l2.ttieblockB1 perfonms a heat exchange with tiie blocks 
82 and 85 (thermal conduction). Block 81 performs the heat exchange also witii the air and the reticle stage 215. For 
the simplicity, it is assumed that the change quantities of the temperatures of tiie air and reticle stage 21 5 are very small 
compared to tiiat of each of the blocks B1 to 820, and tiie temperatures of the air and reticle stage 215 are always con- 
stant. When tiie temperatures of tfie blocks 81 to 820 are expressed as T^ to Tgo; the temperature of the air, Tq] and 

45 the temperature of the reticle stage 215. Th, tiie following equation is established as to the block 81 , 

(dTi)/(dt)=ki2-(T2-Ti)+k^5-(T5-Ti)+kH • (TH-T"i) + ko • (To-Ti)+kp • ti^ • P - (Equ. 3) 

where k^2 ^ ^is coefficients showing the heat conduction between tiie blocks 81 and 82 and between tiie blocks 
so 81 and 85; reference symbol k^, a coefficient showing the heat conduction between the block 81 and tiie reticle stage 
215; and reference symbol ko. a coefficient showing ttie heat conduction between each of tiie blocks 81 to 820 and the 
air. Moreover, reference symbol ri^ is ttie pattern presence rate of tiie block 81 and P is tiie power of the exposure light 
source 201 , which corresponds to the output of the Integrator sensor 208. Reference symbol is a coefficient showing 
a rate of the portion of tiie block 81 illuminated by tiie illumination light, which takes the value of 0 to 1 . When tiie illu- 
55 mination light is irradiated onto the whole of the block 81 . Di is equal to one. and tiien Di gradually reduces in accord- 
ance with ttie rate area of the illuminated area on the block 81 , as the position of the reticle 21 4 shifts depending on tiie 
exposure. When the block 81 is outside the illumination region. DI becomes equal to zero. As a matter of course, when 
the illumination is not performed, 01 becomes Zero. The value of DI can be obtained by the computation based on tiie 
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10 



position of the reticle stage 215 and an aperture area of the retide blind 21 0. Reference symbol kp is a coefficient relat- 
ing the heat quantity absorbed by each of the block to value ii and P. Thejioal term of the above-described equation 
expresses the heat quantity absorbed from the illumination light, and other terms express the heat quantum dispersed. 
[0136] Here, Th and Tq are constant. When Th^Tq , the temperature of each of the blocks B1 to B20 can be 
expressed in the form Tq+aTi to T0+AT20. Moreover, since each of the blocks on the reticle 214 is formed of the same 
substance (usually, quartz is often adopted), considering that all of the coefficients such as k^a and k^s, which express 
the heat conduction between the adjacent blocks, are equal, the Equation (3) is expressed by the following equation. 



(dAT,)/(dt)=kR • (AT2-AT,)+kR • {AT5-ATi)+kH • (-AT^j+ko -(-AT^j+kp • n 1 • P • 
=(-2 • kp-kH-ko) • ATi +kR • AT2 +kR • ATg + kp • ti , • P • 



(Equ. 4) 



IS 



[0137] The above-described equation is obtained lor each of the blocks B1 to B20, the solutions are expressed by 
the matrix as follows. In the fbllowing equation, PI to P20 are a power of the exposure light source 201 for the blocks 
B1 to B20, and AT^ to AT20 are a temperature change quantity of the blocks B1 to B20. 



20 



25 



30 




-2-kR-kH-ko ka 0 0 k« 0 0 
kR -3-kx-ko kx 0 0 kR 0 



-2'k«-kH-ko 
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771 -Pi -Bi 

77 8 'ft -Da 
7J »o •Pao'Dio^^ 



(Equ. 5) 



45 [01 38] This is a twenty dimensional simultaneous equation system of the first-order differential equation, which can 
be solved by a numerical analysis. This can be solved also by expressing the differentieU form as a value of the minute 
time (the computation period of the computer) in the finite difference style. It is suitable that the computation period is 
determined from the capability of the computer and the required precision. When the computation period is coarse for 
the required precision, the coefficients Pi to P20 and the coefficients Di to D20 must be stored as an average value dur- 

50 ing the computation period. When the coefficients PI to P20 are computed, by sequentially measuring the output of the 
integrator sensor 208. the power variation of the exposure light source 201 is measured, whereby the computation pre- 
cision can be enhanced. Moreover, when the computation period is sufficiently fine for the required precision, an instan- 
taneous value computed may be used as the coefficients Pi to P20 and the coefficients to D20- In this case, since it 
is unnecessary to store these coefficients as the average value of the computed period, the program can be simplified. 

55 and the memory of the computer can be saved. 

[0139] Moreover, since the term related to the external effect (the heat quantity absorbed from the exposure light) 
is the final term, from the value of the coefficient of each of the blocks 81 to B20 every unit time, e.g., from the values 
of n 1 . P2. D2 Ti 20, P20. D20, the values of ATI to AT20 for each time can be obtained. The values of the pattern 
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presence rate t| 1 to n 20 can be obtained by actual measurements, and the incidence light quantity P1 to P20 can be 
obtained using the integrator sensor 208 and the irradiation quantity monitor 228. Moreover, the coefficients kq, k©, kn 
and Kp can be obtained by computations from physical properties of the reticle 2 1 4, physical properties of the air, a flow 
^ rate of the air and the like. Alternatively, experiments are conducted as to various kinds of reticles, and hence coeffi- 

5 cients may be determined so as to best fit actualities. 

[0140] By the obtained temperature distributions A to AT20 of the reticle 21 4 and the expansion coefficient of the 
reticle 21 4 (quartz glass), the mutual distance between the center spots Pi to P20 of each of the blocks B1 to 820 can 
be obtained, and the displacement of each spot on the reticle 214 can be determined. Based on the obtained results, 
the variation of the image formation characteristic, for example, the distortion of the image projected onto the wafer 220. 

10 can be computed. 

[0141] Among the reticles, coefficients expressing the heat conduction between the air and them differ. This is 
because there may be a change of a heat movement originating from the properties such as reflection coefficient, and 
thermal transfer coefficient of the thin film in the surface of the reticle and a percale (dust preventing film) fitted thereto 
for dust prevention and a material of the reticle may sometimes differs. Terefbre. when coefficients expressing the same 
IS heat conduction among the plurality of reticles can not be used, several kinds of the coefficients expressing the heat 
conduction are previously stored, and they may be selectively used depending on the reticle 

[0142] In this emlxxiiment, the computations are conducted assuming that the periphery of the reticle 214 is sur- 
rounded by the air. However, the same method can be applicable to another fluid. In the case where nitrogen is used 
as another fluid, occurrence of ozone can be prevented in the case where the exposure light source 201 is an ArF exd- 

20 mer laser light source and the like. Specifically, there is an advantage that absorption of the exposure light by oxygen 
is removed. Moreover, when helium is used as another fluid, the effect of a reduction in the change quantity of the image 
formation characteristic of the projection optical system 216 with the change of the air pressure is exhibited in addition 
to the effect of preventing the occurrence of ozone, because of a smaller refractive index of helium compared to those 
of the air and oxygen. Therefore, the driving quarrtity of the image formation correction section 218 can be reduced. 

25 [0143] Moreover, in this embodiment, the method is employed, in which after obtaining the temperature distribution 
AT of the reticle 214. ttie movement of the center spot P of each of ttie blocks is obtained, and the image distortion is 
obtained. However, the image distortion (the image formation characteristic such as the distortion and the field curva- 
ture) can be directly computed instead of the temperature distortion AT In tiiis case, in order to obtain each of the coef- 
ficients kR, ko. kH and kp by experiments, also the deformation due to tfie deflection of the reticle 21 4 is included in ttie 

30 computation. Even when the reticle 21 exhibits a very excellent heat conduction and the pattern is only at a part of the 
reticle 214 or the in-adiation of the exposure light is limited to the part of the reticle 214, the complicated computations 
as described above are unnecessary as long as no problem of precision occurs on the assumption that the reticle 214 
uniformly expands. Thus, the image distortion may also be computed by more simplified computations. 

35 [Resolution of Thermal Deformation Quantity of Reticle to Each Component] 

[0144] Next, the movement quantities of tiie center spots P1 to P20 of tiie blocks B1 to B20 of the reticle 214 are 
resolved into each component. 

[0145] Rg. 13a to Rg, I3g show an example of tiie relation between ttie Y coordinate of the reticle 214 and each 

40 component of the thermal deformation quantity and the correction quantity corresponding to it. In Rgs. 13a to 13g, the 
abscissa shows the position (Y coordinate) of the reticle 214 in the scanning direction and the ordinate shows tiie tiier- 
mal deformation quantity of the recticle 214 corresponding to the Y coordinate or tiie correction quantity, in which the 
curves CI to C7 illustrated by tiie dotted lines show tiie computation value of the deformation quantity, and the curves 
D1 to D7 illustrated by the solid lines show the correction quantity corresponding thereto. The X-magnif ication 1 of Fig. 

45 13a is the magnification change quantity computed from the movement quantity of the outside center spots PI and P4 
of Fig. 12 toward the X-direction. and the X-magnif ication 2 of Fig. 13b is tiie magnification change quantity computed 
from the movement quantity of the inside center spots P2 and P3 of Rg. 12 toward the X-direction. Moreover, tiie X- 
magnif ication inclination 1 of Rg. 13c is the value computed from the difference between the movement quantities of 
the outside center spots PI and P4 in the X-direction, and the X-magnification inclination 2 of Fig. 13d is the value com- 

50 puted from the difference between the movement quantities of the inside center spots P2 and P3 in the X-direction . 
[0146] If there is a deviation in the pattern presence rate of the reticle 213, for example, when the pattern presence 
rate is large in the blocks B1 and B2 and it is small in the blocks B3 and B4. the tiiermal deformation quantity of tiie 
reticle 214 becomes larger in the blocks B3 and B4. and a deviation in the magnification in the X-direction appears. 
Moreover, The Y shift of Fig. 13e shows the average movement quantity of the center spots PI to P4 of Rg. 12 In tiie 

55 Y-direction. the rotation of Fig. 1 3f shows the rotation angle obtained by performing a linear approximation for the rela- 
tion between tiie average movement quantity of the center spots 21 to 24 in ttie Y-direction and tiie image height, and 
the X shift of Rg. 13g shows the average movement quantity of the center spots P1 to P4 in the X-direction. Each of the 
above-described components is computed every time when ttie reticle 214 is sequentially moved in the Y-direction by 
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a predetermined step quantity on computation. 

[Conversion to Function in Accordance with Position of Each Component in Scanning Direction] 

5 [0147] Next, the obtained components are approximated by the function of the Y coordinate. Here, for the simplicity 
the description only for the X-magnification 1 of Fig. 1 3a will be made. Fig. 1 4 shows an example of the value AX of the 
X-magnification 1 obtained for each position of the Y coordinate. In Fig. 14, the number of the measurement spots in 
the Y-direction is expressed by n (n: integer equal 2 or more, in this embodiment. n=5), the Y coordinate of the i-th 
measurement spot is expressed by (i=1 to 5). and the X-magnification 1 in the position y^ is expressed by A xi. At this 

10 time, the value of the X-magnrficatton 1 corresponding to the Y coordinate is defined as f(y) when the value of the Y 
coordinate Is set to y. The value f(y) of the X-magnification 1 is expressed by the (n-1) order function of the value y of 
the Y coordinate using of the coefficient a^ of n species (isO to n-l). the values of the coefficiern a^ is determined using 
the computed n-sets of values (yj,Axp. 

IS n-1 

f(y) = Z (a|xy*) (Equ.6) 

ioO 



20 [0148] Specifically, in the Equation (6), the connputation condition is as follows. 

Ax J = f(yj) 0=1 to n) 

[0149] In this embodiment, as shown in Rg. 12, since the reticle 21 4 is divided into five species when it is divided 
25 into a plurality of blocks, the value of n becomes 5. and the Equation (6) is a quaternary function. The fourth degree 
function can be determined univocaily from the conditions at the five spots. 

[0150] Moreover, as another mode function used instead of the Equation (6). the following function may be used, in 
which differential coefficients for the three spots except for the end spots among the five spots are added as the com- 
putation condition. 

30 

2xn-3 

f(y)= Z (a,xy') (Equ.7) 

i-O 

35 

[0151] In this case, the computation condition is as follows. 

AXj = f(yj) 0=1- n). (df(yj))/dy =(AXj^i- AX|.i)/(y^i- y^,) Q = 2~n.1) (Equ. 8) 

40 [01 52] Also in this case, n is equal to 5. The equation 7 is a seventh degree function passing through the five spots, 
and the seventh degree function can be obtained univocaily from the information of eight species in total including the 
condition passing through the five spots and the three differential coefficients. This function is smooth in each spot from 
the quaternary function passing through the foregoing five spots. Moreover, in order to more enhance the computation 
precision of the thermal deformation quantity, it is desirable that also the deformation outside the pattern region of the 

45 reticle 214 is considered. 

[0153] Fig. 15 shows the model of the computation by providing the computation spot also outside the pattern 
region 261 of the reticle 214. In Rg. 15, the connputation spot 267 is provided also the periphery of the pattern region 
261. In tills case, the mode! function expressing the value f(y) of the X-magnification 1 is as follows similarly to the 
Equation (7). 

so 

2xi>3 

KV)^ S <ai^y') (Equ. 9) 

55 

[01 54] In Rg. 1 5. since the measurement spots (the center spot of each block in the pattern region 261 ) in the scan- 
ning direction are seven species, n is 7. This function becomes smooth also in the two spots on both ends in the pattern 
region 261. 
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[0155] Also other components shown in Figs. 13b to 13g are expressed similarly as function of the Y coordinate. 
ii- V, , Each of the components of the image formation characteristic converted to the form of the function is stored in the mem- 
i ' . ory section in the main control section 234 of Fig. 7, and the main control section 234 corrects the respective image 

formation characteristics so as to cancel the stored components, for example. As described above, in this embodiment. 
5| each component of the thermal deformation quantity of the reticle 21 4 is expressed as the function for the Y coordinate. 

However, when the severe conrection precision is not required, the thermal deformation quantity of the reticle 214 may 

be discontinuously corrected for each compute coordinate. Moreover, each component may be converted to a function 

form by a linear interpolation more simply. 

[01 56] In the case where only a part of the pattern region of the reticle is exposed for example, thermal deformation 

10 data only for that exposed region may be used. 

[0157] Rg. 1 6 shows a model in the case where a part of the pattern region of the reticle is exposed without using 
the whole of it. In Fig. 16. it is assumed that only the region 262 in the pattern region of the reticle 214 is exposed. In 
this case, the computation is executed for the measurement spots including the entire surface of the pattern region 261 
of the Rg. 12 or Fig. 1 6. However, it is assumed that the thermal deformation data used for resolving into each compo- 

15 nent of Figs. 13a to 13g is the one of the measurement spot (center spot of each block) in the region 262. Thus, the 
computation precision of the changing quantity of the image formation characteristic increases. In other words, since 
there is a heat conduction also outside the region 262 to be exposed, by computing the thermal deformation quantity in 
the region including the entire surface of the pattern region, the computation precision of the thermal deformation quan- 
tity becomes high. Next, by obtaining each connponent of the image formation characteristic only from the computation 

20 value in the exposure region 262. a high precision component resolution Is possible, so that the correction can be per- 
formed with a high precision. 

[0158] Moreover, in the case where the region on the reticle 214 to be exposed is the region 263 which is long in 
the Y-direction of Fig. 1 7a, the computation spot of the thermal deformation quantity of the reticle 21 4 is the region 264 
which is the region 264 widened by one block in the X-dlrection as shown in Rg. 1 7b. and the measurement data in the 

25 region 263 at the time when each component is obtained may be used. Moreover, in the case where the region to be 
exposed is the region 265 disposed in the end of the pattern region as shown in Rg. 1 8a. the computation spot of the 
thermal deformation may be the region 266 obtained by widening the region by one block toward the inside. Thus, when 
the exposure area Is small, the computation quantity can be reduced, almost without lowering the precision of the 
change quantity of the ot>tained image formation characteristic. It should be noted that in the case of Rg. 18b, the com- 

30 putation spot may be provided outside the pattern region. 

[0159] Ordinarily, in order to increase the throughput in the scanning exposure apparatus, the scanning direction of 
the reticle 214 is inverted from the Y-direction to - Y-direction and viceversa. every time when the transition of the 
exposure to the next shot region Is performed. At this time, since tiie function expressing the foregoing image formation 
characteristic Is a function corresponding to the Y coordinate, the function is applicable as it Is even when the seaming 

35 direction is switched. Moreover, when the computation Is performed using computers, a metiiod nray be also adopted, 
in which the values of the foregoing function is stored in the memory every a certain interval of tiie Y coordinate and the 
value of the Y coordinate is not stored. In this case, there is an advantage that tiie capacitance of the memory can be 
saved. In the case where the scanning Is performed in the reverse direction, it is satisfactory that the order of reading 
out the address is reversed to the positive direction scanning, and each component of the Image formation character- 

40 istic is read out from the memory. 

[0160] Next, a correction method every each component of tiie image formation characteristic will be described. 

[Correction Method of X*Magnif icatton 1 and X-Magnif ication 2] 

45 [0161] The X-magnification 1 and the magnification 2 of Figs. 13a and 1 3b can be changed by driving the five lens 
groups 236 to 240 of the projection optical system 216 of Rg. 8 in tiie optical axis direction. Ordinarily, since tiie ratio 
of the X-magnification 1 of tiie reticle 21 4 to the magnification 2 thereof is not agreement with the ratio of the X-magni- 
fication 1 and the X-magnification 2 to the magnification change quantity at the ssume image height at the time when.a 
certain part of the lens groups is driven, at least two lens groups which are simultaneously comiKned must be driven. 

50 in order to correct the X-magnification 1 and the X-magnification 2 simultaneously. At this time, since also other image 
formation characteristics (field curvature, coma aberration and spherical aberration) change, further other three lens 
groups are also driven, so that the lens groups 236 to 240 of five in total are driven. Thus, the X-magnification 1 and the 
X-magnification 2 are changed to predetermined values, whereby tiie changes of the field curvature, the coma aberra- 
tion and the spherical aberration can be suppressed. In the case where the coma aberration and the spherical aberra- 

55 tion generated by driving tiie lens groups 236 and 240 when the X-magnification 1 and the X-magnification 2 are 
connected are small and they can be neglected, the number of tiie lens groups 236 to 240 to be driven may be reduced. 
In the case where the magnification change at the intermediate image height between the corrected X-magnifications 
1 and 2 can not be neglected, it is suitable that one lens group to be driven is further added and the correction is per- 
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formed by driving the lens groups of six in total. 

t0162J When the lens groups 236 to 240 are driven in accordance with the Y coordinate in order to correct the X- 
magnification 1 and the X-magnification 2. the position (best focus position) of the image surface changes. When the 
best focus position changes as described above, it is satisfactory that based on the detection result of the focus position 

5 from the AF sensors 226 and 227 of Fig. 7. the target value at the time when the sample stage 221 is driven in the Z 
direction may be corrected. In this case, the target value of the Z coordinate of the sample stage 221 sometimes 
changes in accordance with the Y coordinate. It should be noted that as the correction method of the focus position, the 
correction may be periormed by adding a function to move the retide 214 upward and downward. In this case, when a 
reduction projection optical system is used as the projection optical system 21 6. there is an advantage that a positioning 

10 precision in the optical axis direction may be somewhat coarse. 

[01631 Although it is ideal that each of the lens groups 236 to 240 should be driven in parallel with the optical axis 
in the correction of the X-magniflcation 1 and the X-magnification 2, the parallelism of them with the optical axis is 
somewhat shifted due to manufacturing errors ordinarily. Moreover, also the lens surface involves the manufacturing 
error and the lens surface is not necessarily always in a perfect ideal state. Therefore, sometimes, the positton of the 

15 projection image of the pattern image of the reticle 214 onto the wafer 220 somewhat shifts by dnving each of the lens 
groups 236 to 240. In this case. It is necessary that the relation between the driving quantity of the lens groups 236 to 
240 and the shift quantity of the image position is previously experimentally obtained in the reticle and stored. In the 
case where the lens groups 236 to 240 are driven to correct the X-magnification 1 and the magnification 2. the total shift 
quantity is obtained from the stored relation, and the correction may be performed by adding the total shit quantity to 

so the later described X shift correction quantity and the Y shift correction quantity. 

[Con-ection Method of X-Magnification IncBnation 1 and Magnification Inclination ^ 

[0164] The X-magnification inclination 1 and the X-magnification incUnation 2 of Rgs. 13c and 13d are corrected by 

25 inclining the five lens groups 236 to 240 of Fig. 8 relative to the optical axis in the X-direction (around the axis parallel 
to the Y-axis). Since the ratio of the X-magnification inclination 1 to the X-magnHication inclination 2 of the reticle 214 is 
not ordinarily in agreement with the ratio of the X-magnifications 1 and 2 at the time when a part of the lens groups is 
inclined to the change quantity of the magnification inclination at the same image height, it is necessary to simultane- 
ously inclination at least two lens groups in the optical axis direction, in order to simultaneously conrect the X-magnifi- 

30 cation inclination 1 and the X-magnification inclination 2. At this time, since other image formation <^ractenstics (field 
inclination, coma inclination, and inclination of spherical surface) change by the inclination of the lens groups 236 to 
240 further three lens groups are simultaneously driven, so that the lens groups 236 to 240 of five m total are inclined, 
whereby the X-magnification inclination 1 and the X-magnrfication inclination 2 are previously made to be predeter- 
mined values. Thus, the changes of the field inclination, inclination of the coma aberration and inclination of the sjrfier- 

35 ical aberration are suppressed. ^ ■ 

[01651 In the case where the inclination of the coma aberration and the spherical aberration generated by inclining 
the lens groups 236 and 240 when the X-magnification inclination 1 and the X-magnification inclination 2 are corrected 
are small and they can be neglected, the number of the lens groups inclined may be reduced. In the case where the 
magnification change of the intermediate image height between the corrected X-magniflcations inclinations 1 and 2 can 

40 not be neglected, it is suitable that one lens group to be inclined is further added and the correction of the image forma- 
tion characteristic is performed by inclining the lens groups of six in total. 

[0166] For the inclination of the coma aberration, the con-ection may be perfonried by inclining the plane-parallel 
plate 241 on the tip of the projection optical system 216. In this case, since the inclination of the coma abenration occu- 
pies a great part of the change of the image formation characteristic generated by inclining the plane-paraHel plate 241 

45 on the tip of the projection optical system 216, it is possible to perform the correction having a high independence. 
There is an advantage that the inclination quantity of the lens groups 236 to 240 can be reduced. 
[0167] The image surface inclination generated when the lens groups 236 to 240 are inclined simultaneously 
causes the inclination of the astigmatic aberration. When the generation quantity of the inclination of the astigmatic 
aberration is small, the correction may be performed by changing the relative paraHellsm of the reticle 214 and the w^r 

so 220 Particularly in the case of the reduction magnification projection optical system, when the wrater 220 is inclined, 
there is an advantage that the inclination quantity is small, and in the case where the reticle 214 is inclined, there is an 
advantage that the posifioning precision can be relaxed to a comparatively loose degree. When the vwafer 220 and the 
reticle 214 are combined and they are inclined together, the inclination quantity of the wafer 220 can be reduced and 
the position of the reticle 214 can be decided finely. 

S5 [01681 The correction of the image surface inclination is performed by inclining the lens groups 236 to 240 in tnis 
embodiment, and this correction method can be applied to the case where the image surface inclination occurs by an 
irradiation of the exposure tight onto the projection optical system 216. Moreover, this correction method can be aPPHed 
to the correction of the image inclination generated when the parallelism of the wafer 220 and the reticle 21 4 is bad. as 
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well as the correction image inclination generated by changing the illumination conditions (sorts of the aperture dia- 
phragm of the illumination system, the aperture shape of the reticle blind 210, the pattern of the reticle 214, the aperture 
shape of the aperture diaphragm 21 7 of the projection optical system 216 and so on). 

[0169] By inclining the lens groups 236 to 240 and the plane-parallel plate 241 . the position of the projection image 
.5 of the pattern image of the rectile 21 4 onto the wafer 220 somewhat shifts. In this case, it is necessary to store the rela- 
tion between the inclination angle of the lens groups 236 to 240 and the shift quantity of the image position, after previ- 
ously obtaining it by an experiment In the case where the lens groups 236 to 240 are inclined based on the corrections 
of the X-magnification inclination 1 and the X-magnification inclination 2, it is suitable that the total shift quantity is 
obtained from the stored relation and then the correction is performed by adding the obtained shift quantity to the later 
. . 10 described X shift correction quantity and the Y shift correction quantity. 

[Con-ection Method of Y shift] 

[0170] The Y shift of Fig. 13e Is con-ected by shifting the relative position of the reticle 214 and the wafer 220 in the 
^ 15 Y-direction. Usually, since the reticle 214 changes in a direction to increase the magnification by exposure light ak>sorp- 
tion. the relative speed of the reticle 214 and the wafer 220 may be resultingly changed in accordance with the Y coor- 
dinate of the reticle 214. Concretely, the Y shift quantity is obtained in accordance with the Y coordinate, and the 
correction is performed by changing the scanning speed of the reticle 21 4 so as to cancel the Y shift quantity in accord- 
ance with the Y coordinate. At the time of the correction, the correction including the Y shift quantity generated by the 
20 driving and inclination of the lens groups 236 to 240 of Rg. 8 is performed. 

[0171] When the Y shift in which the reticle 21 4 expands in the Y-direction by the exposure light absorption occurs, 
the scanning speed of the reticle 214 is made to be fast On the contrary, when Y shift in which the reticle 214 contracts 
in tiie Y-direction, the scanning speed of the reticle 214 is made to be slow. It should be noted tiiat the Y shift may be 
corrected by the wafer stage 222. In this case, when Y shift in which the reticle 214 expands in the Y-direction occurs. 
25 the scanning speed of the wafer stage 222 is made to be slow. On the contrary, when Y shift in which the reticle 214 
contracts occurs, the scanning speed of the wafer stage 222 is made to be fast 

[Correction Method of Rotation] 

30 [0172] The component of the rotation of Rg. 13f is corrected by changing the relative rotation quantity of the reticle 
214 and the wafer 220. Specifically, it is suitable that the reticle 214 is made to rotate by the rotation mechanism 249 
on the reticle stage 215 of Rg. 1 1. At this time, when the blocks B1 to B4 of the reticle 214 is illuminated in Rg. 12, the 
rotation quantity is controlled in accordance with the Y coordinate so that the center spots PI to P4 of the blocks B1 to 
84 are made to be perpendicular to tfie scanning direction relative to tiie illumination region. It should be noted tfiat the 

35 rotation may be corrected on the side of the wafer 222. In this case, a rotation mechanism (not shown) is previously pro- 
vkied on the side of tiie wafer stage 222. and the wafer 220 is rotated by the rotation mechanism. 

[Con-ection Method of X Shift] 

40 [0173] The X shift of Fig. I3g is corrected by shifting the reticle stage 215 in the X-direction. At the time of the cor- 
rection, the X shift quantity generated by driving and inclining the lens groups 236 to 240 is also con^ected. At this time, 
when the btocks 81 to 84 of the reticle 214 are illuminated, concerning the Illumination region, the X shift quantity is 
conti-olled in accordance with the Y coordinate so that tiie X shift quantity of tiie center spots PI to P4 of tiie blocks 81 
to 84 becomes a shift quantity at tiie center of the illumination region. The X shift may be corrected on tiie side of tiie 

45 wafer 220. In tills case, tiie wafer 220 may be shifted in tiie X-direction by the same quantity as tiie X shift 

[Computation Metiiod of Changing Quantity of Image Formation Characteristic of Projection Optical System] 

[0174] Next, the measurement of the image formation characteristic of the projection optical system 216 of Rg. 7 
so and the computation method thereof will be described. For the preparation for this, the reflectance R of the wafer 20 is 
obtained. Two reflection plates (not shown) of a size to cover the rectangular exposure region, which respectively exhibit 
the reflectance equal to RH and RL (RH>RL), are provided on the sample stage 221 on the wafer stage 222. In the state 
where the retide 214 is provided on the reticle stage 215. tiie reflection plate exhibiting the reflectance of RH is moved 
to tiie exposure region of tiie projection optical system 216 by driving the wafer stage 222. Subsequentiy. tiie illumina- 
55 tion conditions (the sorts of the aperture diaphragm of the illumination system, the aperture shape of the reticle blind 
21 0, tiie pattern of the retide 214. and tiie aperture shape of the aperture diaphragm 21 7 of the projection optical sys-* 
tern 21 6] are set to a predetermined state, and tiien tiie output VH of tiie reflection sensor 209 is measured, while mov- 
ing the retide 214 in tiie Y-direction by a predetermined distance. Next, by driving the wafer stage 222, tiie reflection 
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plate exhibiting the reflectance of RL is moved to the exposure region of the projection optical system 216. The output 
VL of the reflectance sensor 209 is measured while moving the reticle 214 in the Y<jirection by a predetermined dis- 
tance. 

[0175] Fig. 19 shows the relation between the reflectance of the wafer 220 measured and the output of the reflect- 
5 ance sensor 209. In Fig. 19. the abscissa shows the reflectance R measured and the ordinate shows the output V of 
the reflectance sensor 209. As shown in Rg. 19, by connecting the measurement results (RH, VH) and (RU VL) of the 
reflectance obtained by the twice measurement operations with the straight line, it is possible to Illustrate the relation 
between the reflectance R and the output V of the reflectance sensor 209 with the straight line (first degree function) 
every Y coordinate of the reticle 214. Thereafter, when the wafer 220 is exposed, using the output V of the reflectance 
10 sensor 209. the reflectance R of the wafer 220 is computed in response to the Y coordinate of the retid 214 from the 
following equation corresponding to the straight line of Fig. 19. 

VH-VL p VLxRH-VHxRL . 



15 



RH-RL RH-RL 



[0176] Although the reflectance R is obtained in response to the Y coordinate from the individual straight line rela- 
tion in this embodiment, when the computation precision which is so high is not required, it is unnecessary to compute 
the reflectance R in response to the Y coordinate of the reticle 214, and a method to compute an average reflectance 

20 during the scanning may be adopted. Specifically, when the reflectances of the two reflection plate are measured, the 
relation between the reflectance and the output of the reflectance sensor 209 is not obtained every Y coordinate, but 
the average reflectance during the scanning is obtained, whereby a relation independent from the Y coordinate can be 
obtained. In this case, there is an advantage that it is unnecessary to previously store the output of the reflectance sen- 
sor 209 in response to the Y coordinate. 

25 [0177] Sutssequently. the change of the image formation characteristic of the projection optical system 216 due to 
the exposure light absorption is obtained. First, by driving the wafer stage 222 of Fig. 7. the irradiation quantity monitor 
228 is moved to the exposure region of the projection optical system 216. The reticle 21 4 is provided on the retide stage 
215. arxj the illumination conditions (the sorts of the aperture diaphragm of the illumination system, the aperture shape 
of the retide blind 210. the pattern of the retide 214. and aperture shape of the aperture diaphragm 21 7 of the projec- 

30 tion optical system 216) are made to be predetermined state. At the same time, the irradiation quantity monitor 228 is 
illuminated, and the output P^h of the irradiation quantity monitor 228 and the output to of the integrator sensor 820 are 
stored. When the exposure is performed, it is satisfactory that the computation is performed from the following equation, 
using the output I of the integrator sensor 208 and the reflectance R obtained from the reflectance sensor 209. 

^ Mj, = p^x(i+R)xK^x{i-exp(-l2)}xl (Equ. 1.1) 

In the Equation 1 1 . M^,, K^, and T^ are a magnification change quantity, magnification change coefficient, and time con- 

40 stent of the projection optical system 21 6 by the exposure light at^rption. respectively. 

[0178] The output of the integrator sensor 208 has two roles, one is for measuring the change of the irradiation 
quantity of the exposure light source 201 with the passage of time and the other is for determining whether the exposure 
light is incident onto the projection optical system 21 6 or not. In order to measure the change of the irradiation quantity 
of the exposure light source 201 with the passage of time, it is suitable that using the light transmission windows 255 

45 and 256 on the reticle stage 215 of Fig. 1 1 . any of the light transmission windows 255 and 256 is moved into the illumi- 
nation region by driving the retide stage 215 every the exposure by one shot, the irradiation quantity monitor 228 is 
moved to the exposure region by driving the wafer stage 222, and the irradiation quantity of the exposure light source 
201 is measured by the irradiation quantity monitor 228. In this case, since the light transmission windows 255 and 256 
are on bo.li sides of the reticle 214 in the Y-direction. the light trar^mission windows 255 and 256 can be moved into 

so the illumination region while performing the scanning continuously after the scanning and exposure, regardless to which 
direction along the Y-axis tiie retide 214 is scanned at tiie time of the exposure. Therefore, an advantage that a time 
from completion of the exposure by one shot to the in-adiation quantity measurement of the exposure light source 201 
is shortened is brought about. Moreover, since the irradiation quantity is measured at the same position as the exposure 
surface of the wafer 220. the change of an energy arrival rate from the exposure light source 201 to tiie wafer 220 result- 

55 ing from the change of the transmittance and the reflectance of the projection optical system 216 and the optical system 
from tiie beam splitter 207 to tiie condenser lens 213 can be measured witii a high precision. 
[0179] When the change time of the exposure light source 201 is fully long compared to the exposure time of one 
shot assuming that tiie light transmittance window is one of the light transmittance windows 255 and 256, a method to 
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measure the transmittance only after the scanning exposure of the reticle 214 is conducted toward this one may be 
adopted, or a method to measure the transmittance only at the time of replacing of the reticle 214 with new one may be 
adopted. In this case, since the retide stage 215 can be formed to be smail-sized. an advantage that a dri\ability and 
positioning precision of the reticle stage 215 increase is brought atx>ut. When one of the light transmission windows 255 
5 and 256 is used without changing the size of the reticle stage 215. the number of the aperture portions is reduced, so 
that a rigidity of the reticle stage 215 is increased as a whole. 

[0180] As for the change coefficient and time constant of the image formation characteristic, they may be previously 
obtained by experiments, or they may be obtained by computing based on a simulation of the thermal conduction. Fur- 
thermore, the change coefficient and time constant of the image formation characteristic may be changed in accord- 

10 ance with the change of the illumination conditions (the sort of the aperture diaphragm of the illumination system, the 
aperture shape of the reticle blind 210, the pattern of the reticle 214. and the aperture shape of the aperture diaphragm 
21 7 of the projection optical system 216). In this case, it is possible to high-precisely compute the subtle change of the 
image formation characteristic due to the difference of the aperture diaphragms 205a to 205d of the illumination system 
of Rg. 10. It should be noted that though the change of the image formation characteristic due to the irradiation heat 

15 absorption is considered to be a first-order tag system in this embodiment, a second-order system, a dead time system, 
and a transfer function obtained by combining these may be introduced in order to perform a high precision computa- 
tion. 

[0181] Subsequently, an air pressure, a temperature, and a humidity around the projection optical system 216 are 
measured through the temperature sensor 230 to a humidity sensor 232, an air pressure within the projection optical 
20 system 21 6 is measured through the air pressure sensor 229. The magnification change quantity of the projection opti- 
cal system 216 is computed based on these measurement results, and the change quantity of the image formation 
characteristic is obtained from the following equation as a whole. 

M=K^, >^ P1 + ^ P2 + X T + K^^ X H + M^, (Equ. 12) 

25 

[0182] In the Equation 12. M is the total magnification change quantity obtained by totaling the magnification 
change quantity by the irradiation of the projection optical system 21 6 and the magnification change quantity by an envi- 
ronment change. is an air pressure around the projection optical system 216, P2 is an air pressure inside the projec- 
tion optical system 216. T is a temperature around the projection optical system 216 (this can be considered to be a 

30 temperature of the projection optical system 216), and H is a humidity around the projection optical system 216. Fur- 
thermore, Kfnp^ is a magnification change coefficient for an air pressure change around the projection optical system 
216, Kjnp2 is ^ magnification change coefficient for an air pressure change inside the projection optical system 216, K^^ 
is a magnification change coefficient for a temperature change of the projection optical system 216, and K^^j, is a mag- 
nification change coefficient for a humidity change around the projection optical system 216. 

35 [0183] Ruid such as dried nitrogen gas is sometimes made to flow within the projection optical system 216 to pre- 
vent the lens surface from being blun'ed by mixing of impurities into the projection optical system 216. In this case, since 
an air pressure difference occurs between the inside of the projection optical system 21 6 and the periphery thereof, the 
two air pressure sensors 229 and 231 are disposed within the projection optical apparatus 216 and at the periphery 
thereof as in this embodiment. It is satisfactory that the measurement value of the air pressure sensor 231 disposed at 

40 the periphery of the projection optical system 21 6 is used as to the lens surfaces closest to the retile 214 and wafer 220 
of the projection optical system 216 and the magnification change quantity due to the air pressure change is computed. 
At the same time, it is satis^ctory that the measurement value of the air pressure sensor 229 disposed within the pro- 
jection optical system 21 6 is used as to the lens surface other than that lens surfaces of the projection optical system 
216 and the magnification change quantity due to the air pressure change is computed. 

45 [0184] As the fluid flowing within the projection optical system 216, air, nitrogen, helium and the like are selected. 
Air is selected to principally prevent the mix of impurities. Nitrogen is selected to avoid the occurrence of ozone by a 
reaction of oxygen when a short wave light source, for example, an ArF exicimer laser light source, is used as the expo- 
sure ligfTt source 201 . Helium is selected to principally suppress the image formation cfiaracteristic change of the pro- 
jection optical system 216 due to the air pressure change. AS a matter of course, the magnification change coefficient 

so for the air pressure change is changed in accordance with the selected fluid. 

[0185] It is suitable that by adjusting the pressure of a predetermined sealed space (an airtight chamber) among a 
plurality of lenses, the image formation characteristic is changed. In this case, the field curvature incapable of being cor- 
rected by driving the lens groups 236 to 240 can be corrected by adjusting the pressure of the predetermined sealed 
space (the airtight chamber) among the lens groups 236 to 240. 

55 [01 86] In the case where no problem occurs from viewpoint of the precision when the air pressure at the periphery 
of the projection optical system 216 is considered to be the same as that within the projection optical system 216. the 
number of the air pressure sensors 229 and 231 may be one. Moreover, when the difference between the air pressure 
at the periphery of the projection optical system 21 6 and that within the projection optical system 215 causes a problem 
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from viewpoint of the precision, the same sensor as the temperature sensor 230 and the humidity sensor 232 is pro- 
vided also in the projection optical system 216. and the terms concerning the temperature and humidity in the above 
equation may be computed using the two sensors within the projection optical system 216 and in the periphery of it. 
similarly to the term concerning the air pressure. 

5 [01 87] In this embodiment, the change quantity of the image formation characteristic is obtained assuming that it is 
proportional to the change quantity of each environment. In order to obtain the image formation characteristic more pre- 
cisely, it is satisfactory that a first-order lag system, a dead time system considering the thermal conduction, or a trans- 
fer function obtained by combining them may be adopted for a temperature, for example. Any model is satisfactory as 
long as it is capable of computing the change quantity of the image formation character due to changes of temperature* 

10 humidity and humidity. 

[0188] In the manner described above, the magnification change quantity of the projection optical system 216 is 
obtained. Moreover, the changes of other image formation system characteristic can be obtained by the similar manner. 
In this embodiment, the magnification change quantities Ci and Ca at the two image heights, the change quantity C3 of 
the coma aberration, the change quantity C4 of the spherical aben-ation. and the change quantity C5 of the field curva- 

15 ture are computed as the image formation characteristic. It should be noted that when the illumination conditions are 
changed, the magnification change quantity and the time constant in the computation of the quantity of the change of 
the image formation characteristic of the projection optical system 216 due to the irradiation, and hence the magnifica- 
tion change quantity and the time constant are previously stored in accordance with each of the illumination conditions, 
after obtaining them experimentally. It is suitable tiiat at the time off the exposure, tiie computation is performed by 

20 changing the magnification change quantity and the time constant in accordance with the change of the illumination 
conditions. Furthermore, since also the offset of tiie change quantities to C5 of the image formation characteristics 
changes by the change of the illumination conditions, the offset of the change quantities to C5 of the image formation 
characteristics in the illumination conditions are previously obtained experimentally, and they are stored. At the time of 
the exposure, the correction is performed by adding the offset of tiie change quantity of each image formation charac- 

25 teristic to the change quantity C-i to C5 of the image formation characteristic in accordance with the illumination condi- 
tions. As to the conection of the best focus position, it is satisfactory that the correction is performed after adding the 
offset by an auto-focus mechanism including tiie AF sensors 226 and 227 as desaibed above. 
[0189] When tiie illumination conditions are changed, there are sometimes factors incapable of being corrected by 
the conrection of the image formation characteristic. These are. for example, a comparatively high order or a randomly 

30 Shaped distortion which occurs by a manufacturing enors of the projection optical system 216 and the like. This can be 
corrected by switching the plane-parallel plate 235 of which the surface is uneven and located dose to the reticle 214 
of the projection optical system 216, in accordance with tiie change of the illumination condition. For tiiis reason, it is 
advantageous tiiat the plane-parallel plate 235 of the projection optical system 216 is switched by a plurality of kinds 
like tiie aperture diaphragms 205a to 205d of the illumination system. Although it is desirable tiiat the plane-parallel 

35 plate 235 should be disposed closely to tiie reticle 214 to correct tiiis distortion, tiie position of ttie plane-parallel plate 
235 is not limited to that close to tiie reticle 214. The plane-parallel plate 235 may be disposed on the side of tiie wafer 
220 or near the pupil surface of the projection optical system 21 6. as long as it is between the reticle 214 and the wafer 
220. The image formation characteristic to be corrected can be changed depending on the place where the plane-par- 
allel plate 235 is disposed. 

40 

[Driving Method of Each Lens Group for Correcting Image Formation Characteristic] 

[01 90] Next, tiie following simultaneous equation is solved from the quantity Ci of the change of each image forma- 
tion characteristic by driving tiie lens groups 236 to 240, and the driving quantity of each of the lens groups 236 to 
45 240 needed for the correction is obtained. 
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[0191] In the above simultaneous equation, b|j (i,j = 1 to 5) is a coefficient expressing tiie change quantity of ttie 
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image formation characteristic when each of the lens groups is driven. An optical computation value may be used for 
these coefficients, or these coefficients may be obtained experimentally. Each of the lens groups is driven so as to can- 
cel the change quantity of the image formation characteristic. 

[0192] In the case where one of the change quantities of the image formation characteristics of the projection opti- 

5 cal system 216 is small, so that it needs not to be corrected, the computation may be performed after reducing the 
matrix of the Equation (13) to four columns and four rows. Next, in this embodiment, the change quantity of the distor- 
tion is suppressed by computing the magnification change quantity at the two Image heights. It is satisfactory that the 
image height for the correction is further increased and the distortion is corrected more finely. When the magnification 
change quantity at the image height of three in total is. for example, corrected, the matrix of the Equation (13) is 

10 expanded to six columns and six rows. 

[0193] Moreover, in this embodiment, the image formation characteristic, which exhibits a rotational symmetry, is 
corrected. Since each of the lens groups 136 to 240 is constituted such that it is freely inclined relative to the direction 
of the optical axis AX, the image formation characteristic, which exhibits a non-rotational symmetry, can also be cor- 
rected. In this case, when the change quaritity of the image formation characteristic of the projection optical system 216 

15 is measured and computed, the inclination components in the X and Y-directions as to the image formation character- 
istics are also obtained by the similar computation, and the matrix composed of five columns and five rows is solved for 
each of X and Y-directions in the similar manner to the correction of the change quantity of the image formation char- 
acteristic which exhibits the rotational symmetry, from the relation of the inclination angle of each of the lens groups 236 
to 240 and the change quantity of the image formation characteristic, and thus the inclination angle of each of the lens 

20 groups 236 to 240 is obtained, it should be noted that the matrix may be reduced or expanded in accordance with the 
change quantity of the image formation characteristic. 

[Correction Method of Best Focus Position] 

25 [0194] Next, the correction method of the best focus position will be described. As has been partially described, in 
the factors causing the change of the best focus position (the position of the image surface), tiiere are four kinds of fac- 
tors, such as the irradiation, the environmental change, the driving of the lens groups 236 to 240. and the change of the 
illumination condition. The change of the best focus position due to the irradiation heat and the change of the best focus 
position due to the environmental change may be obtained by the computation, similarly to the magnification change of 

30 the foregoing projection optical system 216. Moreover, the change quantity of the best focus position by the driving of 
the lens groups 236 to 240 can be obtained as the sum in the following manner, when the image formation character- 
istic Is corrected. The driving quantity of each of the lens groups 236 to 240 and the focus change coefficient for the 
con-esponding one of the driving quantities of the lens groups 236 to 240 are multiplied, and the multiplied results are 
added. It is necessary to previously obtained tiie relation experimentally as to the change of the focus position due to 

35 the change of the illumination condition. The combination of the change quantities of the foregoing four kinds of best 
focus positions will be the change quantity of the total best focus position. This change quantity is transmitted to the 
auto-focus mechanism including the AF sensors 226 and 227. The relation between the driving quantity of each of the 
lens groups 236 to 240 and the change quantity of the beat focus position may be obtained by the optical computation 
value or the experimental method, similarly to other image formation characteristics. 

40 

[Con-ection Method for Process Deformation of Wafer] 

[0195] Next, the correction method of the image formation characteristic at the time when the wafer 220 is 
deformed will be described. The wafer 220 may deforms isotropically or anisotropically by process treatments such as 

45 developing and etching after the exposure. In this case, it is necessary to correct the image formation characteristic by 
making it in agreement with the wafer 220. If the deformation quantity of the wafer 220 is obtained, the image formation 
characteristic may be corrected in agreement with the deformation quantity of the wafer 220. similarly to tiie correction 
that has been described. Moreover, when the deformation quantity of the wafer 220 differs depending its position, the 
target value of the correction of the image formation characteristic may be changed in accordance with the deformation 

so quantity of the wafer 220. 

[0196] Here, the metiiod to obtain the deformation quantity of the wafer 220 of Fig. 7 will be described. As the most 
familiar method, there is the method, in which the shift quantity of the alignment mark (wafer mark) on the wafer 220 
from the target position is measured and the distritxjtion of the deformation quantity of the wafer is obtained. As the 
mark detection sensor, it is possible to apply a sensor which detects a diffraction light obtained by allowing a He-Ne 

55 laser beam onto a detected mark on the wafer 220 via the projection optical system 216. and a sensor which detects 
the mark by an image processing of an off-access type via an optical system other than the projection optical system 
216. A method may be used, in which the position of tiie detected mark on the wafer 220 is detected by a perfectly dif- 
ferent measurement machine from the exposure apparatus to transmit the measurement data to the exposure appara- 
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tus and the correction is performed. When the deformation quantity of the wafer 220 owing to the process treatment is 
previously found, it is unnecessary to measure the deformation quantity of the wafer 220. 

[0197] Since the thermal deformation quantity of the wafer 220 due to the process treatment is generally large in 
the isotropic component, the correction may be performed by computing only the isotropic magnification of the wafer 

5 220. In this case, since the component of the deformation quantity of the wafer 220 to be computed is only the magni- 
fication, the number of the detected mark on the wafer 220 can be reduced. &nd the measurement time can be short- 
ened. Moreover, considering the deformation quantity of the wafer 220. the exposure position of the wafer stage 222 is 
determined, whereby an increase in a superposition precision can be achieved. Furthermore, in the case where the 
thermal deformation of the wafer 220 due to the exposure is con-ected, the relation between the reflectance of the wafer 

10 220 and the measurement value of the irradiation quantity monitor 228 is previously obtained experimentally, and the 
inadiation change quantity may be computed based on ttiis relation. 

(Third Embodiment) 

75 [0198] Next, the third embodiment of the present invention will be described. In the second embodiment, as shown 
in Rg. 12, the change quantity of the image formation characteristic is computed, for example, for each of the blocks B1 
to B20 of the reticle 214. Considering the rgtoti.on angle of the reticle 214 the con-ection of the image formation charac- 
teristic is implemented. 

Therefore, as shown in Fig. 1 1. it is provide the rotation mechanism 249 on the reticle stage 215, so that the whole of 
20 the reticle stage 21 5 is heavy. Contrary to this, when a throughput is seriously considered, a reduction in a weight of the 
reticle stage 215 is sometimes desired. Accordingly, in this embodiment, the image formation characteristic in accord- 
ance with the thermal deformation quantity of the reticle 214 is conrected by a simpler mechanism. 
[0199] First, the pattern presence rate of the retile 214 is measured. Therefore, in Fig. 7, in the state where a test 
reticle on the reticle stage 215 is provided, which has a region including the illumination region on which the pattern is 
25 not drawn, the illumination conditions (the sort of the aperture diaphragm of the illumination system, the apertur&shape 
of the reticle blind 210. and the aperture shape of the aperture diaphragm 21 7 of the projection optical system 21 6) are 
set to a predetermined state. Next, the iradiation guantity monitor 228 is moved to the exposure region side of the pro- 
jection optical system 216 by driving the wafer stage 222. and the position of the irradiation quantity monitor 228 is 
determined so that the effective light receiving region of the irradiation quantity monitor 216 covers its exposure region. 
30 Then, the output Iq of the integrator sensor 208 and the output Pq of the irradiation quantity monitor 228 are measured 
and stored. Subsequently, the reticle 214 on which the pattern for the actual exposure is drawn is provided on the reticle 
stage 215, and the light emission of the exposure light source 201 is started. The output 1^ of the integrator sensor 208 
and the output of the irradiation quantity monitor 228 are measured. Then, the pattern presence rate n is computed 
according to the following equation. 

35 

11=1 — (P,/l,)/(Po/lo) (Equ. 14) 

[0200] Also in this embodiment, the integrator sensor 208 is used also for monitoring the variation of the power of 
the exposure light source 201. When the illumination condition at the time of the measurement witii the test reticle on 

40 which the pattern is not drawn differs from that at the time of the measurement with the reticle 21 4 on which the pattern 
is drawn, the pattern presence rate is obtained by converting to the respective illumination condition. For example, con- 
cerning the rectile blind 210 shown in Fig. 20a1 to 20a3, as shown by the aperture portions 210a and 210b illustrated 
in Fig. 20a2 and 20a3. when tiie widtii of the aperture portion of the reticle blind 210 in the direction corresponding to 
the scanning direction (used as the Ydirection) differs, the value of the output Pq of the irradiation quantity monitor 228 

45 is converted proportionally to the value of the ratio of the area of the aperture portion of the test reticle 21 4 at the time 
of the measurement, on which the pattern is drawn, to that of the aperture portion of the test reticle at the time of the 
measurement, on which no pattern is drawn. Moreover, the relation between the output of the integrator sensor 208 and 
the output of the irradiation quantity monitor 228 are previously may be measured and stored, in the plural cases where 
the aperture diaphragn-s 205a to 205d of the illumination system shown in Rg. 10 and the aperture diaphragm 217 of 

50 the projection optical system 216 are different. It should be noted that altiiough in this embodiment, tiie test reticle, on 
which no pattern is drawn, is used, the measurement may be performed in the state where the reticle 21 4 is not present. 

[Illuminance Measurement Method on Pattern Surface of Reticle] 

55 [0201 ] Next, the illuminance measurement method on the pattern surface (reticle surface) of the reticle 214 will be 
desaibed. For this, by driving tiie reticle stage 215 of Fig. 11. the illuminance sensor 257 on the reticle stage 215 is 
moved alnrrost to tiie center of tiie illumination region, wheretjy tiie output W of the illiminance sensor 257 is measured. 
It should be noted that the illuminance may be measured by tiie irradiation quantity monitor 228 via either ttie light trans- 
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mission window 255 or the light transmission window 256. In the case of the latter, the relation between the output of 
the irradiation quantity monitor 228 and the transmittance of the projection optical system 216 is previously stored, and 
by dividing the output of the irradiation quantity monitor 228 with the transmittance of the projection optical system 21 6. 
the illuminance on the reticle surface can be computed. Moreover, in the reduction projection system and the magnifl- 

5 cation projection system, the illuminance on the reticle surface is computed in consideration of the projection magnifi- 

' cation. 

[0202] Moreover, the relation between the output of the integrator sensor 208 and tiie illuminance on the reticle sur- 
face is experimentally obtained previously, and at tiie time of the exposure the illuminance on the reticle surface may be 
computed from tiie output of the integrator sensor 208. In this case, since the It is unnecessary to move the illuminance 
10 sensor 257 and the irradiation quantity monitor 228 into the illumination region, there is an advantage that a throughput 
increases. Moreover, since it is unnecessary on the reticle stage 215 to provide the illuminance sensor 257 that is a 
heat generation body, it is possible to enhance a thermal stability of the reticle stage 215. 

[Measuring Method for Reflectance of Reticle] 

15 

[0203] Next, the reflectance of reticle 214 is measured. For this purpose, the same method as the measurement of 
the reflectance of wafer 220 is applied to this case. First, two reference reflection plates (not shown) having the known 
reflectance are provided on the reticle stage 215. These reference reflection plates are moved into the illumination 
region sequentially so as to measure the output of ttie reflectance sensor 209 of Rg. 7. Thus, the relationship between 
20 the reflectance on tiie reticle surface arxl the output of the reflectance sensor 209 can be obtained as a.linear relation- 
ship (linear function). 

Thereafter, tiie reticle 214 to be used in an actual exposure is placed on the reticle stage 215. tiie portion where tfie 
pattern is drawn is moved to the illumination area, and tiie output of tiie reflectance sensor 209 is measured. Thea tiie 
reflectance of the reticle 214 having the pattern drawn can be computed from the measuring result and the above- 
25 obtained linear relationship between the reflectance and the output of tiie reflectance sensor 209. Generally, since the 
outermost peripheral portion of the reticle 214 is covered with the chrome pattern, tiie reflectance measurement may 
be performed using this portion. If the reflectance of ti>e reticle 214 is predetermined, tiie reflectance of tiie reticle 214 
is only stored. In tiiis case, tiiere is an advantage in which the throughput can be improved witiiout requiring tiie meas- 
urement of tiie reflectance. 

30 

[Computing Method of Thermal Deformation Quantity of Reticle] 

[0204] Next, the quantity of the thermal deformation of tiie reticle 21 4 can be computed using the above-measured 
parameters from the following equations. 

35 

M^(t)-M^(t-At) •exp(-;^)+K^. {1.exp(-|^)} (Equ. 15) 

40 My(t)=My(t-At) •exp(-|i)+Ky- {1-exp(-^)} (Equ. 16) 

' y ' y 

where At is the computing cyde of the computer, Mx(t-At) is a change in magnification in an X-direction at time of one 
previous computing cycle, is a saturation value showing a variation in magnification in an X-direction with respect to 

45 irradiation, and T^ is a time constant of a variation in magnification in the X-direction caused by irradiation. Characters 
witii subscript Y relate to tiie magnification in the Y-direction. It is assumed that the saturation value and the time con- 
stant are obtained previsousiy by an experimerrt. Similar to the equation of the change in the magnification in the pro- 
jection optical system 216 of the first embodiment the above equations are expressed in a time series by solving the 
first-order differential equation. It should be noted that the equation to be used in tiie calculation is not limited to the 

so above-mentioned equation. For example, a transfer function in which the time constant component is expanded to two 
or a transfer function of a dead time system may be introduced. 

[Correcting Method of Change in Magnification in X and Y-directions] 

55 [0205] Next, similar to the correction of the image formation characteristic in the projection system 216 of the first 
embodiment, the respective lens groups 236 to 240 of Fig. 8 are driven to correct tiie variation in magnification in the 
X-direction caused by the thermal deformation of tiie reticle 21 4. If the variation of tiie otiier image formation character- 
istics is small, the number of lens groups to be driven may be one. Also, if the variation of tiie other image formation 
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characteristics using the drive of the lens groups 236 to 240 reaches a value that is not ignored, the number of lens 

groups may be increased. 

[0206] The variation rn magnification in the Y-direction is corrected by changing the relative scanning speed of the 
reticle 214 and the wafer 220. Since the reticle 21 4 is thermally deformed every time when exposure is performed, the 

5 relative scanning speed is changed in accordance with the quantity of the thermal deformation of the reticle 214 every 
one shot. If the change of the reticle 214 is gentle, the interval at which the change of the relative scanning speed is 
performed may be changed every time when one wafer 220 is exposed, several wafers 220 are exposed, a lot process- 
ing comes its head, or the quantity of the thermal deformation of the reticle 214 exceeds a predetermined threshold. 
[0207] If the variation of the magnification in the X-direction and that of the magnification in the Y-direction are the 

10 same, the projection image is in a predetermined state by each correction in the X and Y<lirections, and the relative 
scanning speed of the reticle 214 and the wafer 220 is unchanged. However, if a difference between the variation of the 
magnification in the X-direction and the variation of the magnification in the Y-direction occurs, the contract of the pro- 
jection image decreases. This correcting method will be explained with reference to Figs. 20al to 20a3, and Figs. 20b1 
to20b3. 

75 [0208] Figs. 20a1 to 20a3 and Rgs. 20b1 to 20b3 show the relationship between the width of the reticle blind 210 
and the contrast of the projection image. The widths of the reticle blind 210 are shown in Rgs. 20a1 to 20a3, respec- 
tively, and corresponding illuminance distributions of the projection image on the wafer 220 are shown in Figs. 20b1 to 
20b3. respectively. If the width of the aperture portion of the reticle blind 220 is set to a predetermined width as shown 
in Fig. 20a1 in a state in which the difference between the variation of the magnification in the X-direction and that of 

20 the magnification in the Y-direction occurs and the scanning exposure is performed, the positional shift is generated at 
the position of the projection image in accordance with the aforementioned difference. At this time, resist applied on the 
wafer 220 is photosensitized in accordance with the totaling value of the width in the Y-direction of the aperture portion 
of the reticle blind 210. This results in reduction of the contrast corresponding to the quantity of the projection image 
shifted in the Y-direction. However, as shown in Rg. 20a2. if the width of an aperture portion 210a of the reticle blind 

25 210 is narrowed and the scanning exposure is performed, the shift quantity of the projection image in the Y-direction 
becomes small in proportion to the width of the aperture portion 210a in the Y-direction. Also, as shown in Fig. 20a3. if 
the width of an aperture portion 210b of the reticle blind 210 is further narrowed, the contrast of the projection image 
can be more improved. The relationship between the width of the aperture portion of the reticle blind 210 in tiie Y-direc- 
tion and the contrast of the projection image may be obtained in advance by e.g.. simulation. At this time, a plurality of 

30 patterns is simulated separately, and stored, so that the width of the aperture portion of the reticle blind 21 0 can be suit- 
ably set. depending on the difference in kinds of patterns. For example, it is better to narrow the width of the aperture 
portion of the reticle blind 21 0 in tiie Y-direction in a case of the pattern having a ttiin line width as compared with a case 
of the pattern having a thick line widtii. 

[0209] However, if the width of tiie aperture portion of the reticle blind in the Y-direction is narrowed without chang- 
es ing the scanning speed of the reticle 214 and tiie wafer 220. a shortage of exposure quantity on the wafer 220 is 
caused. In this case, the scanning speed of tiie reticle 214 and the wafer 220 is reduced with a constant speed ratio 
(projection magnification), depending on how much the width of the aperture portion of the reticle blind 210 in the Y- 
direction is narrowed, whereby ttie exposure quantity can be maintain constant If power of the exposure light source 
201 is increased, or oscillation frequency of the exposure light source 201 is increased in the case where the light 
40 source 201 is the pulse laser light source of e.g.. KrF excimer laser light or ArF excimer laser as in this embodiment, 
the similar effect can be obtained In this case, since a reduction in tiie scanning speed is not needed, the deterioration 
of the throughput can be prevented. 

[0210] As described above, according to this embodiment, one kind of the quantity of the thermal deformation of 
the reticle 214 is computed w'rth respect to each of the X and Y-directions. However, in a case where the quantity of the 

45 thermal deformation is large against the necessary accuracy, the magnification may be computed with a plurality of 
image heights in each of the X and Y-directions. In this case, at least two lens groups, which are driven to correct the 
image formation characteristic, are needed. Also, it is possible to increase the number of lens groups to be driven, 
depending on the kinds of image formation characteristics changing by the drive of tiie lens groups 236 to 240 of Rg. 8. 
[021 1 ] The above emtx^ment explained the exposure quantity control in accordance witii the variation in magnifi- 

so cation in the X-direction of the reticle 214 and the variation in magnification in the Y-direction. The similar method, how- 
ever, can be applied to the conrection of the image formation characteristic of the projection optical system 216. In this 
case, similar to the computation of the thermal deformation quantity of the reticle 214. the variation in magnification of 
the optical system 216 is computed in each of the X and Y-directions. Then, similar to the case of the reticle 214, the 
width of the aperture portion of the reticle blind 210 in the Y-direction and the scanning speed are changed, depending 

55 on the residue after correcting the difference between the variation in magnification in the Xdirection and the variation 
in magnification in tiie Y-direction. whereby the exposure quantity can be maintained constant The relationship 
between the variation in magnification in the X-direction and the variation in magnification in the Y-direcdon, which are 
caused by irradiation of the projection optical system 216, may be obtained by tiie experiment 
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[Discontinuity of Computation] 

[0212] Also, in the correction in this embodiment, the computer computes the quantity of the thermal deformation 
of the reticle 214 and the variation in the image formation characteristic caused by the irradiation of the projection opti- 

5 cal system 216. in some cases, a discrete error occurs by a computing interval of. the computer. In this case, it is the 
most common that the high speed computer, which can deal with the computing interval required for the necessary 
accuracy, is adopted so as to perform a continuous control. Therefore, the necessary accuracy and the quantity of com- 
putation must be considered in selecting the computer. At the time of the actual rotation of the reticle 214 or the drive 
of the lens groups 236 to 240, if the need for the continuous change of a control target Is not so high in view of the var- 

10 iation in the image formation characteristic and the necessary accuracy, there may be used a method for changing the 
control target value discontinuously In this case, though the correction error becomes somewhat rough, the same effect 
so far can be obtained. In other words, if the quantity of correction is small, it can be said that the computing interval or 
the changing interval of the control target value may be roughly set. This can be applied to the corrections of the varia- 
tions in the other various kinds of image formation characteristics computed in this embodiment If the quantity of oor- 

15 rection concerning the necessary accuracy is small, the computing interval or the changing interval of the control target 
value may be roughly set to provide allowance to the capability of the computer. 

[021 3] Namely, if the quantity of the thermal deformation of the reticle 21 4 is large (the pattern existing rate is high 
and the quantity of the heat absorption is large), the quantity of exposure light directing to the projection optical system 
216 reduces. Then, the variation in the Image formation characteristic of the projection optical system 216. which Is 

20 caused by irradiation of the exposure light (variation in irradiation) becomes small. Due to this, there is established ttie 
relationship in which one of the thermal deformation quantity of the reticle 214 and the variation in irradiation of the pro- 
jection optical system 216 is large and the other becomes small. Therefore, the computing interval of the thermal defor- 
mation quantity of the reticle 214 or the changing inten/al of the control target value and the variation in irradiation of 
the projection optical system 21 6 or the changing Interval of the control target valve may be changed in accordance with 

25 the pattern existing rate of the reticle 214. For example, if the reticle 21 4 is for the contact hole pattern fine contact holes 
are only scattered in the reticle 214. and almost the entire pattern region of tiie reticle 214 is covered with tiie chrome 
film so that the pattern existing rate is near 1 00%. 

[021 4] In such a case, the computing inten^al of the variation in irradiation of the projection optical system 216 is set 
to 10 msec In a state tiiat the confuting interval of the tiiermal deformation quantity of the reticle 21 4 Is maintained 1 

30 msec. As a result, the correction of the small computing error can be performed even by such a conputer, which is inca- 
pable of processing when the computing interval of the quantity of the thermal deformation of the reticle 214 and the 
variation in the irradiation of the projection optical system 216 are set to 1 msec, respectively The same effect can be, 
of course, obtained by roughening the changing Interval of the control target value. It is needless to say that the com- 
puting interval is not limited to the foregoing numeral value. The above describes only the case of the computing error. 

35 It can be said tiiat this can be applied to the correction interval. In addition, unlike the computing error, tiie correcting 
interval may be determined from guidelines for controlling to avoid resonance in selecting the correcting interyal. e.g.. 
control stability, response speed, etc. 

[More Specific Correcting Method] 

40 

[0215] Next, the following will show an example of the correction of the thermal deformation quantity close to the 
reticle actually exposed. The same metiiod can be applied to the correction of the distortion of the wafer 220 and the 
distortion aberration of the projection optical system 216. First, the quantity of the thermal deformation of the above ret- 
icle 21 4 is resolved into each component by a method of least square method using the following equation. 

45 

Dxski + k3 - x + kS * y+k7 * +\<B • x - y + kll •y^ + k13 • x^ • +k15 • • y ^^^^ 

+ k17 • X • y^ +k19 • y^, 

Dy = k2 + k4 • y + k6 • x + k8 • +k10 • y • X + k12 • x^ • k14 • y^ + k16 • x • y^ 

+ k18 • x^ • y + k20 • x^ 

55 where Dx. Dy are variations in distortion in each of the X and Y-directions at each computing image height. k1 to k20 
are coefficients each showing the variation for each component, and x and y denote coordinates of the respective com- 
puting image heights. This embodiment showed the model up to the third components. However, if the more accurate 
correction is needed, the degree may be expanded to be higher as required. 
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[0216] Figs. 21a to 211, Figs. 22a to 22f. Figs. 23a to 23f. and Figs. 24a and 24b are examples each showing the 
distribution of the thermal deformation quantity of the reticle corresponding to coefficients k1 to k20 for each component 
of the deformation quantity of the reticle. In Rgs. 21a to 21 f. Figs. 22a to 22f. Rgs. 23a to 23f, and Figs. 24a and 24b. 
the state before the thermal deformation of the reticle 214 is expressed by white circled lattice points 269. and the state 

5 after the thermal deformation of the reticle 21 4 is expressed by black circled lattice points 268. The following will explain 
the example of the thermal deformation quantity of the reticle 214 and its correcting method for each of coefficients k1 
to k20 with reference to Figs. 21a to 2 If, Figs. 22a to 22f. Figs. 23a to 23f. and Figs. 24a and 24b. 
[021 7] Fig. 21 a shows the deformation of the reticle corresponding to coefficient k1 . and a case in which the X shift 
is generated in a fixed quantity at any position of the Y coordinate. This deformation can be corrected by shifting the 

10 reticle 214 in the fixed quantity in the X-direction at the scanning exposure time. The relative position between the reticle 
214 and the wafer 220 in the X-direction may be shifted. Due to this, in consideration of the projection magnification, 
the wafer 220 is shifted in a fixed quantity and the scanning exposure may be performed. Also, both the reticle 214 and 
the wafer 220 are shifted and the scanning exposure may be performed. 

[021 8] Fig. 21 b shows the deformation con-esponding to coeff ident k2. and a case in which the Y shift is generated 
75 in a fixed quantity independent of the Y coordinate. This deformation can be con-ected by shifting the reticle 214 in a 
fixed quantity in the Y-direction at the scanning exposure time. Similar to the case of Fig. 21 a, the relative position 
between tiie reticle 214 and the wafer 220 in tiie X<lirection may be shifted. The con-ection may be canied out on the 
side of the wafer 220 or botii sides of the reticle 214 and the wafer 220. 

[0219] Fig. 21c shows tiie deformation (ak3 • x) corresponding to coefficient kS, and a case in which a change In 
20 magnification, which is proportional to the image height, is generated in the X-direction. This means that the X-magni- 
fication 1 and X-magnification 2 of Figs. 13a to 13g are generated in proportion to each computing image height. This 
deformation is corrected by performing the scanning exposure after combining the drive of the lens groups 236 to 240 
to ttie direction of the optical axis and adjusting tiie change in the magnification. The change in magnification is also 
generated in the Y-direction by the drive of the lens groups 236 to 240 to the direction of the optical axis, and the con- 
25 trast of the projection image is reduced. If this causes some trouble, the width of tiie aperture portion of the reticle blind 
210 in tine Y-direction or tiie quantity of exposure is changed before the scanning exposure is performed so as to adjust 
the contrast of the projection innage. 

[0220] Fig. 21 d shows the deformation (=k4 • y) corresponding to coefficient k4. and a case in which a change in 
magnification, which is proportional to the image height, is generated in the Y-direction. This means tiiat the Y shift is 

30 generated in proportion to the Y coordinates. Therefore, tiie deformation can be corrected by changing ttie scanning 
speed in the Y-direction from a predetermined value in a fixed quantity. For example, if the Y shift quantity increases in 
accordance with tiie position of tiie Y-direction, that is, the magnification in ttie Y-<jirection Increases, the scanning 
speed of tiie reticle 214 is made faster. Since the relative speed of tiie reticle 214 and the wafer 220 may be changed, 
the speed of the wafer 220 side may be low. Also, the speed of botti the reticle 21 4 and the wafer 220 may be changed. 

35 [0221] Fig. 21 e shows the deformation (=k5 • y) con-esponding to coefficient k5. and a case in which the reticle 
214 is deformed to a parallelogram in which tiie X-direction is a base. This means that tiie X shift changes in accord- 
ance with the coordinate (Y-<:oordinate) of the scanning direction. Therefore, tiiis deformation can be corrected by 
inclining the scanning axes of tiie reticle 21 4 and the wafer 220 relatively. At the correction on the side of tiie reticle 214, 
if the laser Interferometer on the X-axis of tiie reticle stage 215 is structured to view the illumination area of the reticle 

40 214 at all time, the offset in the Xnjlrection may be linearly changed in accordance with the scanning position of the Y- 
direction. It should be noted that the correction is carried out on sides of the wafer 220 or both sides of tiie reticle 214 
and the wafer 220. 

[0222] Fig. 21 f shows tiie deformation (=k6 • x) corresponding to coefficient kS, and a case in which the reticle 
214 is deformed to a parallelogram in which the Y-direction is a base. The deformation can be corrected by inclining tiie 

45 scanning axes of ttie reticle 214 and tiie wafer 220 relatively as rotating tine reticle 21 4 in a predetermined quantity. Also, 
if ttie laser interferometer on the X-axis of tiie reticle stage 215 is structured to view the illumination area of the reticle 
214, the moving mirror 253 (Rg. 1 1) on the reticle stage 215 rotates togetiier witii the reticle 214 at the time of rotating 
the reticle 21 4. Due to this, servo control is carried out such tiiat a measuring value of the laser interferometer reaches 
a predetermined value, and the scanning is performed, whereby ttie reticle 214 is gradually shifted in tiie X-direction 

so automatically so tiiat tiie scanning axis is inclined. If the rotation mechanism 249 of the reticle 214 and the moving mir- 
ror 253 on the reticle stage 215 are not moved together, the retide 214 is rotated in a predetermined quantity to be 
shifted in the X-direction in according with tiie scanning, whereby ttie similar effect can be obtained. 
[0223] Fig. 22a shows the deformation (=k7 • x^ ) corresponding to coefficient k7, and a change in an eccentric 
magnification in tiie X-direction. This means tiiat tiie X-magnification tilt 1 and X-magnification tilt 2 of Rgs. 13a to 13g 

55 are generated in a fixed quantity. Therefore, ttie defomiation can be corrected by performing the scanning exposure 
after combining the lens groups 236 to 240 and inclining ttiem witti respect to the optical axis. If ttie lens groups 236 to 
240 are inclined to generate the magnification tilt, ttie magnification in the Y-direction increases on ttie side where the 
magnification is made larger and the magnification in ttie Y-direction decreases on the side where ttie magnif feation is 
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made smaller. Due to this, the shift of the projection image Is directed in an opposite direction, depending on the X coor- 
dinate, so that the contrast of the projection image reduces. In this case, the correction may be carried out by combining 
the change of the width of the aperture portion of the reticle blind 210 in the Y-direction and the change of the quantity 
of exposure with each other 

5 [0224] Fig. 22b shows the deformation {=k8 • y^ ) corresponding to coefficient k8 and a change in an eccentric 
magnification in the Y-direction. This means that the Y shift changes in accordance with the Y coordinate. Therefore, 
the deformation can be corrected by changing the relative speed of the reticle 214 and the wafer 220 in accordance with 

X the scanning position. More specifically, the reticle 214 may be shifted in the Y-direction to con-ect the Y shift in accord- 
ance with the Y coordinate as performing the scanning exposure. In this embodiment, it should be noted that the cor- 

. to rection is carried out by changing the scanning speed linearly in accordance with the scanning position. The scanning 
speed may be, of course, changed arbitrarily in accordance with the using model. Also, the correction may be per- 
formed by changing the speed of both the wafer 220 and the reticle 214. 

[0225] Rg. 22c shows the deformation (=k9 • x • y ) con-esponding to coefficient k9. and a case in which the ret- 
icle 214 is deformed to a trapezoid in which the X-directton Is a base. This means that the X-magnification 1 and the X- 

75 magnification 2 change in accordance with the y coordinate. Therefore, the correction may be carried out by changing 
the projection magnification in accordance with the scanning position. More specifically, this deformation can be cor- 
rected by driving the lens groups 236 to 240 in the direction of the optical axis in accordance with the scanning position. 
[0226] Rg. 22d shows the deformation (=k10 • y * x) corresponding to coefficient k10, and a case in which the 
reticle 214 is deformed to a trapezoid in which the Y-direction is a base. This means that the reticle 214 rotates In 

20 accordance with the Y coordinate. Therefore, this deformation can be corrected by changing a relative parallelism 
between the reticle 21 4 and the wafer 220 in accordance with the scanning position. 

[0227] Rg. 22e shows the deformation (=k1 1 • y ^ ) con-esponding to coefficient k1 1 . This means that the X shift 
changes in accordance with the Y coordinate. Therefore, this deformation can be corrected t>y shifting the relative posi- 
tion between tiie reticle 21 4 and the wafer 220 in the X-direction in accordance with the scanning position. 

25 [0228] Rg. 22f shows the deformation { =k1 2 • x ^ ) corresponding to coefficient k1 2. This cannot be expressed by 
the resolution of each component of tiie first emtjodimertt. To correct this deformation, as one example, the other com- 
ponents are combined with each other to reduce the error as possible. For example, the error can be reduced by cor- 
recting tiie component of coefficient k2 and that of coefficient kS. In this case, the term of the coefficient k12 is deleted 
from equation (1 7) and the computation is performed by the method of least square, whereby the component of coeffi- 

30 cient k12 is automatically distributed to the other components . 

[0229] Also, tiie deformation of Rg! 22f shows a case In which the reticle 21 4 is deformed in the specific Y-direction 
(+ direction or - direction) as an quantity of deviation of the X coordinate from the center of the reticle increases. Then, 
as another correction method, the scanning exposure may be performed in a state in which the past di lens, constituting 
the projection optical system 216. is inclined around the axis parallel to the X-axis (non-scanning direction), that is, in 

35 the Y-direction (scanning direction). 

[0230] Rg. 23a shows tiie deformation ( = k1 3 • x ^ ) corresponding to coefficient k1 3. and a change in magnifica- 
tion in ttie X-direction. This is different from tiie case of coefficient k3 in the point tiiat the X-magnification 1 and X-mag- 
nification 2 are not proportional to each computing image height This deformation can be corrected by performing the 
scanning exposure after driving the lens groups 236 to 240 to the direction of tiie optical axis and connecting each of tiie 

40 X-magnification 1 and X-magnification 2. The change in magnification is also generated In tiie Y-direction by the drive 
of the lens groups 236 to 240 to the direction of the optical axis, so that the confrast of the projection image is reduced. 
If tiiis causes some trouble, It is better to start the exposure after changing the wkfth of the aperture of the reticle k^lind 
210 in the Y-direction and the quantity of exposure before the scanning exposure. 

[0231] Rg. 23b shows the deformation (=k14 • y^) corresponding to coefficient k14. and a change in magnifica- 
45 tion in tiie Y-direction. This is different from the case of coefficient k4 in the point that the Y shift is not proportional to 
the Y coordinate. This deformation can be corrected by changing the scanning speed of the reticle 214 and the wafer 
220 in accordance with the scanning position. 

[0232] Rg. 23c shows tiie deformation (ak1 5 - • y ) corresponding to coefficient k1 5. This is different from tiie 
case of coefficient kS in the point tiiat the X-magnification tilt 1 and X-magnification tilt 2 change. This deformation can 
so be corrected by changing the tilt angle of each of the lens groups 236 to 240 to conrect the X-magnification tift 1 and X- 
magnification tilt 2 in accordance with the scanning position. 

[0233] Rg. 23d shows the deformation (=k1 6 • y^ • x ) corresponding to coefficient k1 6. This is different from the 
case of coefficient kS in the point tiiat the quantity of rotation is not fixed. This deformation can be corrected by changing 
the relative parallelism between the reticle 21 4 and the wafer 220 in accordance with the scanning position. 
55 [0234] Rg.23e shows the deformation (=k1 7 • x • y^ ) corresponding to coefficient k1 7. and a pincushion distor- 
tion in tiie X-direction. This means that ttie X-magnification 1 and X-magnification 2 change in accordance with the Y 
coordinate. Therefore, this distortion can be corrected by driving the lens groups 236 to 240 in the direction of the opti- 
cal axis to correct the magnification 1 and X-magnification 2 in accordance with the scanning position. The change in 
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magnrf ication is also generated in the Y-direction by the drive of the lens groups 236 to 240 to the direction of the optical 
axis, so that the contrast of the projection image is reduced. If this causes some trouble, it is better to start the exposure 
after changing the width of the aperture of the reticle blind 210 in the Y-direct ion and the quantity of exposure before 
the scanning exposure. 

5 [0235] Fig. 23f shows the deformation {=k1 8 • y • x^ ) corresponding to coefficient k18. and a pincushion distor- 
tion in the Y-direction. This cannot be expressed by the resolution of each component of the first embodiment. To correct 
this deformation, as one example, the other components are combined with each other to reduce the error as possible. 
For example, the error can be reduced by correcting the component of coefficient k4 and that of coefficient k14. In this 
case, the term of the coefficient k18 is deleted from equation (17) and the computation is performed by the method of 

10 least square, whereby the component of coefficient kl 8 is automatically distributed to the other components. 

[0236] Also, the deformation of Fig. 23f shows a case in which the magnification in the Y-direction (scanning direc- 
tion) enlarges as the quantity of deviation of the X coordinate from the center of the reticle increases. Then, as another 
con-ectlon method, the confection method of Rg. 22f is applied. Specifically, this the method in which the scanning expo- 
sure are performed while the tilt angle of the part of lens, constituting the projection optical system 216, to the Y-direc- 

15 tion Is continuously changed in accordance with the position of the reticle in the scanning direction. If the tilt angle of 
the lens is continuously changed, the position of the projection image on the wafer also changes. For this reason, it is 
preferable that the relative position between the reticle and the wafer be corrected in accordance with the position of the 
reticle in the scanning direction. 

[0237] Rg. 24a shows the deformation (=k19 • y^) corresponding to coefficient k19. and a case in which the X 
20 shift is generated relatively at random In accordance with the scanning position. This deformation can be corrected by 
changing the relative position between the reticle 214 and the wafer 220 in the X-direction in accordance with the scan- 
ning position. 

[0238] Fig. 24b shows the deformation (-k20 • x ) conresponding to coefficient k20. and a form such that the 
coefficient kl 9 is rotated at 90* . This cannot be expressed by the resolution of each component of the first embodiment. 

25 To correct this deformation, the other components are combined with each other to reduce the error as possibia For 
example, the error can be reduced by correcting the component of coefficient kS and that of coefficient kl 6. In this case, 
the term off the coefficient k20 is deleted from equation (17) and tiie computation is performed by the method of least 
square, whereby \he component of coefficient k20 is automatically distributed to the other components. 
[0239] In tiie above embodiment to correct a predetermined image formation characteristic of tiie projection optical 

30 system 216. the plane-parallel plates 235 and 241 are provided on tiie side of tiie reticle 214 and tiie side of the wafer 
220 in the projection optical system 216, so that tiiey can control tiie position in the Z direction (direction of tiie optical 
axis) and the tilt angle as shown in Rg. 8. The plane-parallel plates include a plate on which the surface is uneven. For 
this reason, the plane-parallel plate-like optical member, which is used to correct the image formation characteristic, 
that is. the plane-parallel piate-like optical member, having a microscopic asperity distribution (phase distribution) on its 

35 surfaces, a partially different index distribution, or some degree of local refraction power, is refen-ed to as plane plata 
[0240] The use of the plane plate can correct the random variation (irregular variation) of the image formation char- 
acteristic as shown in the following points (a) to Q)- The random variation of the image formation characteristic means 
the variation of tiie image formation characteristic, which is partially (locally) generated in tiie projection image. Actually, 
a plurality of kinds of plane plates is provided to be changeable. Then, tiie plane plate, which is suitable for canceling 

40 the variation of the image formation characteristic generated in accordance with the state of the thermal deformation 
state of tiie reticle, may be appropriately placed on tiie optical patti of the light beam of ttie image formation. This can 
con-ect tiie variation of the image formation characteristic gradually changing. 

(a) Partial Shift of Focal Position 

45 

[0241] This variation can be con-ected by providing the plane plate having a partial refraction power at the outside 
of the projection optical system 216, for example, a portion between the projection optical system 216 and the reticle, 
or the wafer 220. 

so (b) Partial Horizontal Shift off Image Formation Point (the same as substantially partial distortion) 

[0242] This variation can be corrected by providing one plane plate or a plurality of plane plates whose tilt angle 
partially change at the outside of the projection optical system 216. In the case of using the plurality of plane plates, tiie 
deterioration of a telecentric property of the projection optical system 216 can be prevented. 

£5 

(c) Partially Spherical Aberration 

[0243] This variation can be corrected by providing the plane plate, which has a asperity distribution (namely, a 
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=h»no imnartina a ohase difference) such as partially cancels the delay (or advance) of the wave surface of the illumi- 
naSn Z^nH v'S oTtrScai FouieMransform surface (namely, pupil plane) wim respect to the f«ttemsur- 
Sthr;4icre1r,t^e projection "^^^^^^ 

for providing such a asperity distribution to the lens surface close to the pupil plane. 

(d) Partially Coma Aberration 

[02441 This variation can be corrected by providing the plane plate, which has a asperity di^;bLrtion (n^^^^^^^ 
Ke imparting a phase difference) such as partially cancels the delay (or advance) of me l^^^^!^^^^;^"^*^^^^^^ 
nation lighTatThe position away from the pupil plane in the projection optcal ^VSte'" 216 Jhe varrato^ 
cf^J^S by performing the processing for providing such a microscopic aspenty distnbuton to the lens surface dose 
to the pupil plane. 

(e) Image Surface Curvature at Sagital Image Surface 

[02451 This variation can be corrected by providing the plane plate, which has partially the refraction power distri- 
bution to the sagital direction, at the outside of the projection optical system 216. 

(f) Image Surface Curvature at MeridBonal (Tangential) Image Surface 

[02461 This variation can be corrected by providing the plane plate, which has P^y'^^l'^'' 
Lon to the meridional (tangential) direction, at the outside of the projection optical system 21 6. 

(g) Partial Distortion 

SSriciation of the telecentric property of the projection optical system 215 can be prevented. 
30 (h) Partially Vertical Color Abenration 

102481 TOs variation can be corrected by using optical material (glass materiaO having a ^^l^^'^^^^ 
^o^tibbe nuX^ or providing the plane plate manufactured using optical material having a partaily different refrac 
tion power distribution at the outside of the projection optical system 21 6. 
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(i) Partially Horizontal Color Aberration 

[02491 This variation can be corrected by using optical material having a P^^^^Jj^^^^"^"^"^ 
Sr) or pri^iding the plane plate manufactured using optical material having a part«lly different refraction power 
distribution in the outside of the projection optical system 216. 

(j) Partial collapse of Telecentric Property 

[02501 This variation can be corrected by pn>viding one plane plate or the plurality °lf^^P^^^;^ 
Sv change plates at the outside of the projection optical system 216. In the case "«"9 P";!^,'^. ^ 
l^^^T^iStt^e no unfavorable influence upon the distortion of the projection image (honzontal shrft of the 

S'^^^raSfmentionedembodimemexp.ained^^ 

^d-ru^^^^^ 

ipled to a casein which an anisotropic distortion is generated in the projerton 216^^^^ 

the distortion characteristic of the previous exposure apparatus. ^ cton and scan svstem is 

ro9Mi In the above-mentioned embodiment, the projection exposure apparalus of the step and scan si^^T: 

apparatus, that is. steppers, is used as the exposure apparatus. 
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[0253] According to the second and third embodiments, at least one of the positions of at least one of optical ele- 
ments of the projection optical system in the optical axis direction, the tilt angle of at least one of the optical elements 
thereof in the optical axis direction, the relative scanning speed of the mask and substrate, and the parallelism of the 
mask and the substrate in the scanning direction is adjusted, and this brings about an advantage in which the image 
5 characteristic can be corrected with a high precision. As a result, the pattern image of the mask can be transferred onto 
the substrate with a high accuracy. 

[0254] Also, the variation of the image formation characteristic due to the thermal deformation of the mask is inde- 
pendently corrected with respect to the component in the scanning direction and the component in the non-scanning. 
The variation of the image formation characteristic due to the thermal deformation of the mask can be corrected with a 
w high precision. 

[0255] Moreover, the quantity of heat absorption of the mask is obtained based on the thermal deformation of the 
mask. As a result, the quantity of the thermal deformation of the mask can be correctly obtained. Also, the quantity of 
the thermal deformation of the mask is obtained in consideration of the thermal movement generated outskle the pat- 
tern region of the mask. As a result, the quantity of the thermal deformation of the mask, and the change in the image 
75 formation characteristic due to the thermal deformation can be obtained with a high precision, and the image formation 
characteristic can be corrected with a high precision t>ased thereon. 

[0256] Furthermore, in accordance with the difference in the change of the magnification between the scanning 
direction of the image of the pattern of the mask formed on the substrate and the non-scanning direction thereof, the 
blind mechanism is driven so as to adjust the width of the illumination regioa As a result, the contrast of the projection 

20 image as the image formation characteristic can be corrected with a high accuracy. 

[0257] Also, the irradiation quantity of the exposure light source is measured through the light transmission window 
on the mask stage by the irradiation sensor so as to obtain the transmission rate of the projection optical system. For 
this reason, the change of the image formation characteristic of the projection optical system due to the exposure light 
absorption can be obtained without being influenced by the mask, so that the inr>age fbrmatton characteristic can be cor- 

2S rected with a high precision. 

[0258] Further, in a case where two light transmission windows are located interposing the mask therebetween to 
be separate from each other in the moving direction of the masK the light transmission windows can be moved into the 
illumination region as continuing the scanning even if the mask is scanned in either of the normal and opposite direc- 
tions of the scanning direction. As a result, the throughput is not reduced. 

30 [0259] Furthermore, the plurality of optical elements of the projection optical system is independently driven, so that 
the image formation characteristic of the projection optical system can be corrected. Also, the first plane-parallel plate, 
provided on the substrate side of the projection optical system, is driven, so that a predetermined image formation char- 
acteristic can be corrected with a high precision. 

[0260] Also, when the second plane-parallel plate, provided on the mask side of the projection optical system, is 
35 given unevenness by a predetermined processing, the distortion generated by the manufecture error of the optical ele- 
ments of the projection optical system can be corrected with a high accuracy. 

[0261] Moreover, by driving the first plane-parallel plate every time when at least one of the size and shape of the 
secondary light source is changed, the decentration coma aberration of tiie projection optical system can corrected 
according to tiie size and shape of the secondary light source. 

40 [0262] Furthermore, in a case where the ArF excimer laser is used as the exposure light source and tiie atmos- 
phere within tiie projection optical system is substituted witii nitrogen gas or inert gas. ozone can be prevented from 
being generated by the reaction of oxygen. Also, ttie transmission rate to the exposure light can be improved. 
[0263] Also, in the case of measuring the atmosphere within the projection optical system, the image formation 
characteristic of the projection optical system can t>e corrected at a higher precision based on the measuring result. 

45 [0264] Next, according to the projection exposure apparatus of the second and third embodiment, tiie first plane- 
parallel plate is moved, so that the decentration coma aberration of the projection optical system can be adjusted. Also, 
at least one of the plurality of optical elements is moved witiiout moving tiie second plane-parallel plate toward ttie 
mask, whereby at least one of the aberration of the projection optical system other than the decentration coma aberra- 
tion, tiie projection magnification and the focal position can be adjusted. 

so [0265] Moreover, in the case of moving at least tiiree to five optical elements of the projection optical system, three 
to five image formation characteristics of the projection optical system can be corrected, respectively. 
[0266] Further, by the adjusting apparatus for changing ttie refractive index at least one of the plurality of spaces 
formed by the mask and the plurality of optical elements, the predetermined image fornnation characteristic can be cor- 
rected by a simple control. 

55 [0267] Also, the illumination optical system can change at least one of the shape and size of the secondary light 
source in accordance with the mask pattern. Then, when at least one of ttie plurality of optical elements and the first 
plane-parallel plate is driven for each change, the image formation characteristic can be conrected according to the illu- 
mination condition. 
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[0268] Moreover, if the atmosphere within the projection optical system is measured and at least one of the plurality 
of optical elements and the first plane-parallel plate is moved according to the change in the atmosphere, the image for- 
mation characteristic of the projection optical system can be corrected at a higher precision. 

[0269] Furthermore, the decentration coma aberration of the projection optical system or the asymmetrical aberra- 

5 tion can be adjusted by the first planei^arallel plate or the second plane-parallel plate. 

[0270] In the aforementioned embodiment, ultraviolet rays whose wavelength is more than 100 nm, far ultraviolet 
rays (DUV) such as g rays, i rays, and a KrF excimer laser, and vacuum ultraviolet rays (VUV) such as an ArF exclmer 
;% laser and an F2 laser (wavelength of 157 nm) may be used as illumination light for exposure. It should be noted that a 
high harmonic wave of a YAG laser is used. 

10 [0271] Moreover, there may used a harmonic wave in which a single wavelength laser of an infrared area or a visi- 
ble area, which is generated from a DFB semiconductor laser or a fiber laser, is amplified by a f ftser amplifier doped with 
erbium (or both erbium and yttrium) and wavelength converted to ultraviolet rays using non-linear optical crystal. 
[0272] For example, if the oscillation wavelength of the single wave laser is within the range of 1 .51 to 1 .59 fim. an 
eight-times high harmonic wave whose generated wavelength ranges from 1 89 to 199 nm, or a ten-times high harmonic 

15 wave whose generated wavelength ranges from 151 to 1 59 nm is output. Particularly, if the oscillation wavelength of the 
single wave laser is within the range of 1 .544 to 1 .553 |im, the eight-times high harmonic wave whose generated wave- 
length ranges from 1 93 to 194 nm, that is. the ultraviolet rays having substantially the same wavelength as the ArF exci- 
mer laser can be obtained. Then, if the oscillation wavelength of the single wave laser is within the range of 1 .57 to 1 .58 
^m. the ten-times high harmonic wave whose generated wavelength ranges from 157 to 158 nm. that is, the ultraviolet 

20 rays having substantially the same wavelength as the F2 laser can be obtained. 

[0273] Moreover, if the oscillation wavelength of the single wave laser is within the range of 1.03 to 1.12 ^m. a 
seven-times high harmonic wave whose generated wavelength ranges from 1 47 to 1 60 nm is output. Particularly, if the 
oscillation wavelength of the single wave laser is within the range of 1 .099 to 1 .106 ^m. the seven-times high harmonic 
wave whose generated wavelength ranges from 1 57 to 1 58 nm. that is, the ultravblet rays having sut>stantially the same 

2S wavelength as the F2 laser can be obtained, ft should be noted that ytterbium doped fiber iaser is used as the single 
wavelength oscillation laser. 

[0274] It is of course that the wavelength of illumination light for exposure of the above embodiment is not limited to 
wore than 100 nm. For example, in order to expose the pattern of less than 70 nm, SOR or the plasma laser is used as 
a light source and an EUV (Extreme Ultra Violet) of a soft X-ray area (e.g.. wavelength area of 5 to 15 nm) is generated. 
30 Also, there has been dey^eloped an EUV exposure apparatus using an all reflection reduction optical system, which is 
designed based on the exposure wavelengtii (e.g.. 13. 5 nm), and a reflection typed mask. In this apparatus, since the 
structure in which the mask and the wafer are synchronously scanned using a circular illumination to perform the scan- 
ning exposure can be taken into consideration, such an apparatus is also included in the range to which the present 
invention is applied. 

35 [0275] Also, the present invention can be also applied to an exposure apparatus using electron beams or charged 
particle beams such as ion beams. In an electron beam exposure apparatus, lanthanum hexaborate of a thermal elec- 
tron radiation type (LaBg) and tantalum (Ta) can be used as an electron gun. It should be noted that any of a pencil 
beam system, a variable form beam system, a cell projection system, a blanking aperture array system and a mask pro- 
jection system may be used as the electron beam exposure apparatus. The mask projection system will be explained 

40 as follows. Specifically, a circuit pattern is resolved and formed on a large number of sub-fields of about 250 nm square 
separated from each other on the mask. Then, the electron beams are sequentially shifted In the first direction, and the 
wafer Is relatively moved to the electron opticcU system for reduction projecting the resolved pattern in synchronous with 
the movement of the mask in the second direction perpendicular to the first direction. Then, reduced images of the 
resolved pattern are combined with each other on the wafer so as to form a combined pattern. 

45 [0276] In the aforementioned embodiment, the reduction projection exposure apparatus (scanning stepper) of the 
step and scan type was used. However, there may be used a reduction projection exposure apparatus (stepper) of a 
step and repeat type in which the operation of transferring the pattern of the reticle onto the wafer through the projection 
optical system is repeated in a state that the reticle and the wafer remain at rest. Or, the present invention can be 
applied to a mirror projection aligner. 

so [0277] Also, not only the reduction system but also an equivalent system, or an enlargement system (e.g.. exposure 
apparatus for a liquid crystal display manufacture, etc.) may be used as the projection optical system. Further, any of a 
dioptric system, a reflecting optical system, and a cata-dioptric system may be used as the projection optical system. It 
should be noted that kinds of glass material usable as the optical element (refraction element) and coating material are 
limited by the wavelength of the illumination light for exposure, and that the manufacturabfe maximum diameter differs 

55 for each glass material. Due to this, the exposure wavelength decided from the specification of the exposure apparatus, 
its wavelength width (narrow-band width), the field size of the projection optical system, and the number of apertures 
are taken into consideration, and any one of the dioptric system, reflecting optical system, and cata-dioptric system is 
selected. 
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[0278] Generally, if the exposure wavelength is more than sibout 190 nm, synthetic quartz and fluorite can be used 
as glass material. Therefore, the dioptric system can be relatively easily adopted, to say nothing of reflecting optical sys- 
tem and cata-dioptric system. Also, in the vacuum ultraviolet rays whose wavelength is less than about 200 nm, the 
dioptric system can be used, depending on the wavelength width implemented in a narrow-band form. However, in the 

s case of the wavelength of less than about 190 nm, there is no suitable glass material other than f luoriti3 and it is difficult 
fa the wavelength to be implemented in a nan-ow-band form. For this reason, it is advantageous to use the reflecting 
optical system and the cata-dioptric system. Moreover, in the EUV rays, the catoptric system comprising only a plurality 
of reflection elements (e.g.. about 3 to 6) is adopted. It should be noted that an electron optical system, compriising an 
electron lens and a deflector. Is used in the electron beam exposure apparatus. Also, in the illumination light for expo- 

70 sure, the optical path is filled with gas (inert gas such as nitrogen, helium) reducing its damping. Or the optical path is 
vacuumized. In the EUV rays or the electron beams, its optical path is vacuumized. 

[0279] Moreover, the present invention can be applied to the exposure apparatus, which is used in the manufacture 
of a display including a liquid crystal display device, for transferring a device pattern onto a glass plate. Also, the present 
invention can be applied to the exposure apparatus, which is used in the manufacture of a thin film magnetic head, for 
75 transferring the device pattern onto a ceramic wafer, and the exposure apparatus, which is used in the manufacture of 
a charge-coupled device (CCD). 

[0280] Furthermore, the present invention can be applied to the exposure apparatus for transfen-ing a circuit pattern 
onto a glass substrate or a silicon wafer to manufacture the reticle or the mask. Here, in the exposure apparatus, which 
is used in the DUV rays and the VUV rays, a transmission type reticle is generally used, and quartz glass, quartz glass 
20 doped with fluorine, fluorite or quartz crystal is used as a reticle substrate. Also, in the EUV exposure apparatus, the 
reflection type mask is used. In the X-ray exposure apparatus of a proximity system or the electron beam exposure 
apparatus of the mask projection system, a transmission type mask (stencil mask, membrane mask) is used. As a mask 
substrate, a silicon wafer is used. 

[0281] The Illumination optical system, comprising a plurality of lenses and the projection optical system are incor- 
25 porated into the main body of the exposure apparatus so as to perform the optical adjustment. Then, the retida stage, 
comprising a large number of mechanical parts, and the wafer stage are attached to the main body of the exposure 
apparatus so that the connection of the wiring and that of the piping are established. Then, the total adjustment (elec- 
trical adjustment, operation confirmation, etc.) is further performed. As a result, the exposure apparatus of the afore- 
mentioned embodiments can be manufactured. The manufacture of the exposure apparatus is desirably canied out in 
30 a dean room where the temperature and the degree of cleanness are controlled. 

[0282] Moreover, the semiconductor device is manufactured through the step of performing the function and per- 
formance design of the device, the step of manufacturing the reticle based on the design step, the step of preparing the 
wafer from silicon material, the step of exposing the pattern of the reticle onto the wafer by the exposure apparatus of 
the above-mentioned embodiment, the step of assembling the device (including dicing process, bonding process, pack- 
35 aging process), and the inspection step. 

[0283] Thus, the present invention is not limited to the aforementioned embodiments, and various modifications can 
be made without departing form the scope of the general inventive concept as defined by the appended claims and their 
equivalents. 

40 Claims 

1. A projection exposure apparatus comprising: 

a projection optical system for projecting a pattern of a mask onto a photosensitive substrate; 
45 a plane-parallel plate disposed on a side of said photosensitive substrate of said projection optical system, said 

plane-parallel plate being approximately perpendicular to an optical axis of said projection optical system; and 
an adjustinent device for adjusting either an inclination angle of a normal line of said plane-parallel plate rela- 
tive to the optical axis of said projection optical system or an inclination direction of saki plane-parallel plate. 

so 2. An apparatus according to claim 1 . 

sad apparatus further comprises an illumination optical system for changing at least one of a size and shape 
of a secondary light source in accordance with the pattern of said mask, wherein sakl adjustment device 
adjusts at least one of the inclination angle and inclination direction of said plane-parallel plate in response to 
55 a change of said secondary light source. 

3, A projection exposure apparatus which exposures a photosensitive substrate with a pattern of a mask, comprising: 
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a projection optical system having a plurality of optical elements arranged along an optical axis approximately 
perpendicular to a mask and a photosensitive substrate, and a plane-parallel plate disposed on a side of said 
photosensitive substrate; and 

an adjustment device for moving said plane-parallel plate in accordance with a change of an exposure condi- 
tion of said photosensitive substrate, thereby adjusting an aberration of a projection optical system. 

4. An apparatus according to claim 2. wherein said adjustment device relatively inclines said plane-parallel plate rel- 
ative to a plane perpendicular to an optical axis of said projection optical system without substantially rotating said 
plane-parallel plate, thereby adjusting a decentration coma aberration of said projection optical system. 

5. An apparatus according to claim 4: 



said apparatus further comprises a driving device for driving at.least one of the plurality of optical elements of 
said projection optical system, in order to adjust at least one an aberration, projection magnification and focus 
position of said projection optical system other than said decentration coma aberration. 

6. An apparatus according to claim 3, 



said apparatus further comprises: 

an illumination optical system for changing at least one of a size and shape of a secondary light source in 
accordance with the pattern of said mask; and 

an aperture diaphragm for making a numerical aperture of said illumination optical system variable, 
wherein the exposure condition of said photosensitive sutsstrate includes at least one of a size and shape of 
said secondary light source, a sort of the pattern on said mask, and a numerical aperture of said projection 
optical system. 

7. An projection exposure apparatus which exposes a photosensitive substrate witii a pattem of a mask comprising: 



a projection optical system having a plane-parallel plate approximately perpendicular to an optical axis; and 
a driving mechanism for inclining ScUd plane-parallel plate relative to a plane perpendicular to an optical axis of 
said projection optical system. 

8. An apparatus according to claim 7. 



said apparatus further comprises: 

a stage system for synchronously driving said mask and said photosensitive substrate at a speed ratio in 
accordance with a projection magnification of said projection optical system, 

wherein said stage system is driven and said photosensitive substrate is subjected to a scan exposure with tiie 
pattern of said mask. 



9. A projection exposure method which exposes a photosensitive substrate via a projection optical system witii a pat- 
tern of a mask, comprising: 



a first step for changing a light intensity distribution of a light beam on a pupil surface of said projection optical 
system, which emits from a secondary light source to pass through said mask; and 

a second step for moving a plane-parallel plate disposed on a side of said photosensitive substrate of said pro- 
jection optical system, in response to a change of said light intensity distribution. 

10. A method according to claim 9. wherein in said first step, at least one of a size and shape of the secondary light 
source is changed in accordance with the pattem of said mask. 



1 1 . A method according to claim 9. wherein in said second step, a decentration coma aberration of said projection opti- 
cal system is adjusted by relatively inclining said plane-parallel plate relative to a plane perpendicular to an optical 
axis of said projection optical system without substantially rotating said plane-parallel plate. 



12. A projection exposure method, comprising the steps of: 

synchronously moving a mask and a substrate, tiiereby transferring a pattem image of said mask onto said 
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substrate via a projection optical system; and 

adjusting at least one of a position of at least one of optical elements of said projection optical system in an 
optical axis direction, an inclination angle of said at least one of optical elements in the optical axis direction, a 
relative scanning speed of said mask and said substrate, and a parallelism of said mask and said substrate in 
5 a scanning direction, before or during a scanning exposure, thereby correcting an image formation character- 

istic. 



13. A projection exposure method, comprising the steps of: 

70 synchronously moving a mask and a substrate, thereby transferring a pattern image of said mask onto said 

substrate via a projection optical system; and 

adjusting a relative scanning speed of the mask and said photosensitive substrate to correct a connponent of a 
change of an image formation characteristic due to a thermal deformation of said mask in a scanning direction, 
and a projection magnification of said projection optical system to correct a component thereof in a non-scan- 
15 ning direction. 

14. A method according to claim 13. wherein a thermal absorption quantity is obtained based on a heat movement 
caused outside a pattern region of said mask and a pattern presence rate of said mask, and a thermal deformation 
quantity of said mask is computed from said thermal absorption quantity. 

20 

15. A projection exposure method which transfers a pattern image of a mask via a projection optical system by syn- 
chronously moving said mask and a substrate, comprising the steps of: 

driving a variable field diaphragm which defines an illumination region of said mask, in accordance with a dif- 
25 ference of a magnification change between a pattern image of said mask in a scanning direction and that in a 

non-scanning direction, and hereby conrecting a contrast of said pattern image; and 
scanning and exposing said substrate by an illumination light irradiated onto said mask. 

16. A projection exposure metiiod which transfers a pattem image of a mask onto a substrate via a projection optical 
30 system, comprising the steps of: 

measuring a transmittance of said projection optical system thorough a light tiansmission window provided in 
a mask stage which holds said mask; and 

synchronously moving said mask and said substrate, and scanning and exposing said substrate with an illumi- 
nation light irradiated onto saki mask. 

A method according to claim 16. wherein said light transmission window is two windows, which are disposed inter- 
posing said mask therebetween and apart from a moving direction of said mask. 

40 18. A projection exposure method which transfers a pattern image of a mask onto a substrate via a projection optical 
system, comprising the steps of: 

driving a plurality of optical elements of said projection optical system independentiy from each other, thereby 
correcting an image formation characteristic of said projection optical system; and 
45 driving a first plane-parallel plate in an optical axis direction, which is disposed on a side of said sufc)strate of 

said projection optical system, thereby correcting a predetermined image formation characteristic. 

19. A metiiod according to daim 18, wherein said projection optical system comprises a second plane-parallel plate on 
a side of saki mask thereof, ttie second plane-parallel plate having a surfcice subjected to a roughening treatment 

so and serving to correct a residual component of an aberration of said projection optical system. 

20. A metiiod according to claim 18, wherein said mask is illuminated by a light beam from a secondary light source, 
and a decentration coma aberration is corrected by driving said first plane-parallel plate every time when at least 
one of a size and shape of said secondary light source is changed. 

55 

21. A method according to claim 18. wherein said mask is illuminated by an illumination light of a wavelengtti of 200 
nm or less, and inert gas or nitrogen gas is supplied into said projection optical system. 
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22. A method according to claim 21 . wherein said illumination light is an ArF excimer laser beam ro a F2 laser beam. 

23. A method according to claim 18. wherein an ambient pressure within said projection optical system is measured, 
and an image formation characteristic of said pattern image is adjusted based on a measurement result. 

5 

24. A projection exposure apparatus, comprising: 

a projection optical system for projecting a pattern image of a mask onto a substrate, said projection optical 
system having a plurality of optical elements arranged between said mask and said substrate along an optical 
10 axis, a first planei3arallel plate disposed on a side of sakj substrate, and a second plane-parallel plate dis- 

posed on a side of said mask; and 

a driving device for driving said first plane-parallel plate to adjust a decentration coma aberration of said pro- 
jection optical system, and lor moving at least one of the plurality of optical elements to adjust at least one of 
an aberration, a projection magnification, and a focus position, of Seud projection optical system other than said 
15 decentration coma aberration, without relatively moving said second plane-parallel plate relative to said mask. 

25. An apparatus according to claim 24, wherein said driving device moves at least three optical elements of said pro- 
jection optical system, thereby adjusting the projection magnification, a distortion, and an astigmatic aberration. 

20 26. An apparatus according to daim 24. wherein said driving device moves at least four optical elements of said pro- 
jection optical system, tiiereby adjusting the projection magnification, a distortion, an astigmatic cOserration. and a 
coma aberration. 

27. An apparatus according to claim 24. wherein said driving device moves at least five optical elements of said pro- 
25 jection optical system, tiiereby adjusting the projection magnification, a distortion, an astigmatic aberration, a coma 

aberration, and a spherical aberration. 

28. An apparatus according to claim 24. further corrprising: 

30 an adjustment device for changing at least one refractive index of a plurality of spaces formed by said mask 

and said plurality of optical elements, in order to adjust a field curvature of said projection optical system. 

29. An apparatus according to claim 24, further comprising: 

35 an illumination optical system for changing at least one of a shape and size of a secondary light source in 

accordance with a pattem of said mask. 

wherein said driving device moves at least one of said plurality of optical elements and said first plane-parallel 
plate, in accordance with a change of said secondary light source. 

40 30, An apparatus according to claim 24, further comprising: 

a measurement device for measuring an atmospheric pressure within said projection optical system, 
wherein said driving device moves at least one of said plurality of optical elements and said first plane-parallel 
plate, in accordance with a change of said ambient pressure. 

45 

31. An apparatus according to claim 24, wherein said driving device relatively inclines said first plane-parallel plate rel- 
ative to an image surface of said projection optical system witiiout substantially rotating said first plane-parallel 
plate, thereby adjusting said decentration coma aberration of said projection optical system. 

so 32. An apparatus according to claim 24, wherein said second ptane-paraliel plate having a surface subjected to a une- 
venness treatment so as to correct a asymmetrical aberration of said projection optical system. 

33. An apparatus according to claim 24. further comprising: 

55 a stage system for synchronously moving said mask and said substrate, in order to scan and exposure an 

image of a pattern of said mask onto said substrate. 
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